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PREFACE 



The present Treatise has been written with the view 
of providing an elementary text-book on the Prin- 
ciples of Mechanism. The intention of the Author 
has been to simplify the subject as much as possible, 
to exhibit its prominent features, and to convey a 
certain amount of practical information ; in doing so, 
he has hoped to render the work acceptable to those 
who are commencing the study of a' difficult branch 
of learning. ; •v.v. . • 

LoNDO!^: Feb. 1865. 
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INTRODUCTION. 



A MACHINE may be defined to be an assemblage of moving 
parts, constructed for the purpose of transmitting motion 
or force, and of modifying, in various ways, the motion or 
force so transmitted. 

The parts of a machine are set in motion by some moving 
power, which may be derived from any convenient source ; 
and the machine itself must be constructed with reference 
to the character of the power from which its motion is 
derived. 

The introduction of the steam-engine has greatly simpli* 
fied the art of constructive mechanism, by rendering the 
source of power uniform and undeviating. The steam- 
engine is usually employed to give rotation to a piece of 
shafting, and the mechanic is then required to derive from 
the smooth and steady rotation of a shaft every movement 
which the nature of the work may demand. Thus the 
starting point for steam-machinery in our mills and facto- 
ries is, with but few exceptions, the same throughout ; and 
the problem of making a machine resolves itself into a 
question of the resolution or transfer of circular motion in 
every variety of manner, and subject to every possible 
modification. 
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Accordingly we propose to commence with a discussion 
of the methods adopted for the conversion of circular into 
reciprocating motion ; then to proceed to the reverse pro- 
blem, or to examine the conversion of reciprocating into 
circular motion ; to pass on to an enquiry into the results 
deduced from combinations of wheelwork in trains, giving 
the theory which has led to an accurate shaping of the teeth 
of wheels ; to consider, further, some arrangements by which 
a moving piece may be made the recipient of two or more 
independent motions ; and finally, to conclude by collecting 
and analysing certain miscellaneous contrivances which 
produce results of a specific and very noticeable cha- 
racter. 

It will be necessary to premise a few general remarks 
and definitions. 

In the transfer of motion or force from one axis to an- 
other, wheels furnished with teeth are commonly employed. 
The various calculations connected with the forms of teeth 
which are suitable for this purpose will be given hereafter ; 
at the present time we may remark, that the most simple 
case of the transfer of motion from one axis to another 
occurs when a circular disc or plate moves another by 
rolling contact. 

In such a case the uniform motion of the axis, a, conveys 
Fig I . a perfectly even and uni- 

form motion to the other 
axis, B. (Fig. 1.) 

If A and B were circu- 
lar plates with fiat edges, 
and very accurately ad- 
justed, it would be quite 
possible for a to move b 
by friction alone, the two plates rolling smoothly and evenly 
upon each other without any slipping of the surfaces in 
contact, but we could not expect a to overcome any great 
resistance to motion in b ; or, in other words, we could 
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not convej force by the action of one disc upon the 
other. 

The tnuismiseion of force being an essential condition 
in machinery, the discs a. and b are provided with teeth, 
as in the annexed pig.s. 

figure, and the n 
chanist endeavours 
so to form and shape 
the teetb that the mo- 
tion shall be exactly ' 
the same as if one 
circle rolled upon 
another. 

Herein consists the perfection of wheelwork, a perfectly 
uniform motion of the axis A is to be conveyed by meanti 
of teeth to the axis b: and the motion of b, when tested 
with microscopic accuracy, is to be no less even and uniform 
than that of a. 

Since, then, it appears that the motions of a and b are 
exactly the same as those of two circles rolling upon each 
other, sach imaginary circles may always be conceived to 
exist, and are called the pitch circles of the wheels in ques- 
tion. They are represented by 
the dotted lines in Fig. 3. 

So much of the tooth as lies 
within the pitch circle is called ^ 
its root ar flank, and the portion 
beyond the pitch circle is called 
the point or addendum. 

The pitch of a tooth is the 
space a c upon the pitch circle 
cut off by the corresponding 
edges of two consecutive t«eth. 

Spur wheeU are represented in Fig. 2, and are those in 
vrhich the teeth project radially along the circumference. 

In A face wheel, cogs or pinn, acting as teeth, are fastened 




4 ELEMENTS OF MECHANISM. 

perpendicularly to the plane of the wheel ; in a crown wheel 
the teeth are cut upon the edge of a circular band ; and 
annular wheels have the teeth formed upon the inside of an 
annulus or ring, instead of upon the outer circumference. 

A straight bar provided with teeth is called a rocky and 
a wheel with a small number of teeth is termed a pinion. 

The spur wheels, before described, are suited to convey 
motion only between parallel axes ; it often happens, how- 
ever, that the axes concerned in any movement are not 
parallel, and as a consequence they may, or may not, meet 
in a point. If the axes do not intersect we proceed by 
successive steps, and continually introduce intermediate 

Fig. 4. 




intersecting axes, and thus we are led to the use of inclined 
wheels whose axes meet each other, and which are known 
as Bevil wheels, (Fig. 4.) 

It is easily proved in Geometry that two right cones 
which have a common vertex will roll upon each other, and 
the same would be true of the frustra of two cones such as 
L M and N R, which are represented as having a common 
vertex in the point o. 

The rolling of the cones will allow us to consider any 
pair of circles in contact and perpendicular to the respec- 
tive axes as the pitch circles of the frustra, and teeth may 
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accordingly be shaped upon them so as to produce the same 
even motion as that which exists in the case of spur wheels. 

Equal bevil wheels whose axes are at right angles are 
termed mitre wheels. 

It is sometimes convenient that the axes of the bevil wheels 
should pass close to each other without intersecting ; the 
teeth have then a twisted form, and the wheels are known 
as skew bevils. 

Belts or bands are much used in machinery, in order to 
communicate motion between two axes at a Fig. a. 
distance from each other. In this case an end- 
less band is stretched over the circumference 
of a disc or pulley upon each axis, and the 
motion is the same as if the discs rolled directly 
upon each other. (Fig. 5.) 

The form of each pulley is slightly convex, 
and the strap will then remain upon the discs. 
The reason of this curious fact will be apparent 
if we examine the case of a tight belt run' 
ning upon a revolving conical pulley. The belt embraces 
the surface of the cone, and thus 
becomes bent into the form a b, 
the portion b being somewhat nearer 
to the base of the cone than the por- 
tion A. (Fig. 6.) 

The cone, during its revolution, 
exerts an effort to carry b onward 
in a circle parallel to its base, and 
the consequence is that the belt tends to remain upon 
the slant surface of the cone, and to rise higher rather 
than to slip off. 

The fast and loose pulley is an adjunct of the driving 
belt It consists of two pulleys, whereof one is keyed 
to the shaft to which motion is to be conveyed, and the 
other rides loose upon it ; when the strap is shifted from the 
loose to the fastened pulley the shaft will begin to rotate, 
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Otherwise it remains at rest, the loose pulley alone turning 
round. 

The band is shifted bj a fork, which is made to press 
laterally upon its advancing side. 

The advancing portion of a band must always lie in the 
plane of the pulley round which it is wrapped, but the 
retreating portion may be pulled on one side without causing 
the strap to leave the pulley. By observing this principle, 
a band may be employed to communicate motion between 
two axes which are not parallel to each other. 

After toothed wheels, the screw plays the most im- 
portant part in mechanical appliances, and indeed it is 
difficult to over-estimate its value or utility. The screw 
bolt and nut are used to unite the various parts of 
machinery in close and firm contact, and are peculiarly 
fitted for that purpose ; then, again, the screw is employed 
in the slide rest and in the planing machine to give a 
smooth and even longitudinal motion, the same purpose 
for which it aids the astronomer in measuring the last 
minute intervals which are recognisable in the telescope. 
In the screw press we rely upon it to transmit force, we use 
it in screw piles to obtain a firm foundation for piers or 
light-houses, and as a propeller for ships it has given a new 
element of strength and power to our navy. 

The definitions relating to the screw are the following: — 

If a horizontal line 
A p, which always passes 
through a fixed vertical 
line, be made to revolve 
uniformly in one direc- 
tion, and at the same 
time to ascend or de- 
scend with a uniform 
velocity, it will trace out 
a screw surface A P R b> 
in the manner indicated in Fig. 7. 



Fig. 7. 
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The points of intersection of this generating line with 
anj circular cylinder whose axis coincides with a b, will 
form a screw thread, pb, upon the surface of the cylinder. 

The screw thread used in machinery is a projecting rim 
of a certain definite form, running round the cylinder, and 
obeying the same geometrical law as the ideal thread just 
described. 

The pitch of a screw is the space along a b, through which 
the generating line moves in completing one entire revolu- 
tion, but in practice the pitch of a screw bolt is usually 
estimated by observing the number of ridges which occur 
in an inch of its length ; thus we speak of a screw of one- 
eighth of an inch pitch as being a screw with eight threads 
to the inch. 

Also A B is called the length of the screw surface a p b b, 
and the angle p R Q represents the angle of the screw. 

In the diagram, ap is shown as describing a right-handed 
screw ; if it revolved in the opposite direction during its 
descent, it would describe a left-handed screw. 

If a single thread were wound evenly round a cylinder^ 
and the path of the thread marked out^ we should have a 
single-threaded screw ; whereas, if two parallel threads 
were wound on side by side, we 
should obtain a double-threaded 
screw, of which a b in Fig. 8 
is an example. The object of 
increasing the number of threads 
is to fill up the space which 
would be unoccupied if a fine 
thread of rapid pitch were 
traced upon a bolt. 

A worm wheel is a wheel 
furnished with teeth set ob- 
liquely upon its rim, and so 
shaped as to be capable of en- 
gaging with the thread of a screw ; the revolution of the 
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endless screw or worm A b will then impart rotation to 
the wheel c (Fig. 8) ; and since the endless screw, as 
represented, is a double-threaded screw, the wheel will 
advance through the space of two teeth upon each revolu- 
tion of A B. This reduction of velocity causes the com- 
bination to be most valuable as a simple means of obtaining 
mechanical advantage. 

The number of threads upon the screw determines the 
number of teeth by which the wheel will advance during 
each revolution of a b. 

In the transmission of force the screw is always employed 
to drive the wheel, and necessarily so, because the friction 
would prevent the possibility of driving the screw by means 
of the wheel, even if the loss of power were disregarded ; 
but in very light mechanism, where the friction is insen- 
sible, the wheel may drive the screw, and then the screw is 
frequently connected with a revolving fly, and serves to 
regulate the rate at which a train of wheels terminating 
in the worm wheel may run round. 

The term axis denotes the central line of a cylinder, and 
is a mathematical phrase : an engineer distinguishes a heavy 
cylindrical piece of metal as shafting, or a shafty and 
designates smaller cylindrical bars as spindles; a wheel- 
wright speaks of the axle of a wheel, and a watchmaker 
calls the same thing an arbor. 

Of two moving pieces, that which transmits motion is 
termed the driver, and that which receives it is the 
follower. 

Gearing and (rear are the words used to indicate the 
combination of any number of parts in a machine which 
are employed for a common object. 

Toothed wheels are said to be in gear when they are 
capable of moving each other, and out of gear when they 
are shifted into a position where the teeth cease to act. 



CHAPTER I. 

ON THE CONVERSION OP CIRCULAR INTO RECIPROCATING 

MOTION. 



Art. 1. The most simple case of motion is that of a point 
describing a straight line with a uniform velocity. When- 
ever a point deviates from a rectilinear path, and describes 
a plane curve of anj form, it must be the subject of two in- 
dependent movements in lines at right angles to each other. 

Thus, let a point move in a circular path, a p b, with a 
uniform velocity, then it is evident that the point, p, while 
describing the arc a p, has been the sub- 
ject of two rectilinear movements, one 
from A to Q, in the direction of the dia- 
meter A B, the other from Q to p, in a 
perpendicular direction. (Fig. 9.) 

In other words, circular motion is of a 
compound character, and capable of re- 
solution into its elements ; if it be thus 
resolved, and if one equivalent be suppressed, so that the 
motion of Q is substituted for that of p, we obtain 
the fundamental case of the conversion of circular into 
reciprocating motion. 

2. Let c A = a,p c A = ; 
then A Q = A c — c Q = a — a cos = a (1 — cos 0) ; 
which equation gives the analytical representation of 
motion of this character. 

The velocity of the point q being expressed by the limit- 
ing value of the ratio of the small increase of a q to that 
of when the latter is indefinitely diminished, the student 




10 



ELEMENTS OF MECHANISM. 



will easily discover for himself that in the present instance 
this ratio becomes equal to the quantity (a sin 6) ; hence 
as the point p moves uniformly round the circumference, 
the point Q will oscillate through the line a b with a 
velocity which is not uniform, but which varies as the 
sine of 6. 

Moreover, the point q begins to move very slowly along 
A B on starting from a, and again also upon approaching 
B, its greatest velocity occurring about the centre of its 
path ; if, therefore, the motion of Q were compared with 
that of a point, b, supposed to describe a b in the same time 
with a uniform velocity, it would be found that Q and b 
coincided in the points A, c, and b ; but that R was in ad- 
vance of Q between a and c, and that q preceded b from 
c to B. 

3. The motion of Q may be derived from that of p by the 
followinsr contrivance: — 

Let p represent a small pin set in 
a circular plate which is moveable 
about c as a centre of motion, and let 
the pin work in a groove, £ p, whose 
direction is at right angles to that of 
the sliding bar, q b. (Fig. 10.) 

Of the two equivalents which com- 
bine to produce the circular motion 
of p, that which occurs in the direc- 
tion F E is rendered inoperative, and 
the whole of the other equivalent is 

imparted to the sliding bar; in this way, then, the bar rises 

and falls as the -disc rotates upon its centre. 

4. We proceed now to analyse the conversion of circular 
into reciprocating motion by means of the crank and con' 
necting rod, 

A crank is merely a lever or bar moveable about a centre 
at one end, and capable of being turned round by a force 
applied at the other end ; in this form it has been used from 
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the earliest times as a handle to turn a wheel. When the 
crank is attached by a connecting rod to some reciprocating 
piece, it furnishes a combination which is extremely useful 
in machinery. 

In the next chapter we shall see that the crank and 
connecting rod is one of the principal contrivances for 
converting reciprocating into circular motion ; the student 
will understand that any such distinction as to the effect of 
the contrivance is one of classification only, regard being 
had to the direction in which the moving force travels. 
The arrangement is often, used under both aspects in one 
and the same machine ; as in a marine engine, where the 
piston in the steam-cylinder actuates the paddle-shaft by 
means of a crank and a connecting rod, and the motion is 
then carried on by the same device to the bucket or piston 
of the air-pump. 

It was in the year 1769 that James Watt published his 
invention of '^ A method of lessening the consumption of 
Steam and Fuel in Fire-Engines,'' the main feature of which 
was the condensation of the steam in a vessel distinct from 
the steam- cylinder. The steam-engine was at that time 
called a fire-engine, and was used exclusively in pumping 
water out of mines ; the steam piston and the pump rods 
were suspended by chains from either end of a heavy beam 
centred upon an axis, the action of the steam caused a 
pull in one direction only, and the pump rods being raised 
by the agency of the steam were afterwards allowed to 
descend by their own weight. 

In this shape the steam-engine was entirely unfitted for 
actuating machinery, and it was not until after the impulse 
given by Watt's invention was beginning to be felt that it 
became apparent that the expansive force of steam could 
be made available as a source of power in driving the 
machinery of mills. 

While Watt was occupied with this great problem, which 
eventually he fully solved, it happened that one James 
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Fickard, of Birmingham, in the year 1780, took out a, patent 
for a " new invented method of applying steam or fire 
engioes to the turning of wheels," in which he proposed to 
connect the great working beam of the engine with a crank 
upon the shaft of a wheel by means of a spear or connect- 
ing rod, jointed at its extremities to the beam and crank 
respectively. 

It is probable that Watt had foreseen this application of 
the crank as early as the year 1778, and had intended to 
apply the combination as a means of carrying on the power 
from the end of the working beam to the fly-wheel ; being 
forestalled, however, by the patentee, he did not dispute the 
invention, and contented himself with patenting certain 
other methods of obtaining a like result, among which 
will be found the sun and planet wheels described in 
chapter 5. 

This latter invention served his purpose until the patent 
for the crank had expired, and then it was that the more 
simple arrangement which we are now about to discuss 
came into general use. 

5. The manner of employing the crank and connecting 




rod in the locomotive engine ia shown in Fig. 11. The 
crank c p is made a part of the driving wheel of the engine, 
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the connecting rod p Q is attached to the end of the piston 
rod Q B, and the end Q is constrained to move in a horizon- 
tal line by means of the guides h k, l h. The contrivance 
here referred to belongs properly to the second chapter, as 
we propose at present to confine our attention to the con- 
version of circular into reciprocating motion. 

6. The object of the following analysis Fig. 12. 

is to determine the relative positions of 
the crank and reciprocating piece during 
the motion. 

Here c p represents an arm or crank 
centred at c (Fig. 12), and connected by 
means of a link or connecting rod^ p Q, 
with a point Q, which is constrained to 
move in the lino e d. 

Draw p N JL^ c D, and let c p = a, 
PQ=6, PCQ = 0, PQC = 9; 

then CQ = CN + NQ 

= a cos d -\- b cos ; 



also 



a 
V 



sin 
sin 



a 



sin 0= sin d 
b 



and cos 



=aA^ 



2 sin-' a 



b^ 




/. C Q = a cos + 'Z ^2 — a» sin^ 6; 
whence the position of q is known at 
any period of the motion of c p. 
Cor. 1 . Let = o/. CD = a + i 

OssTT/. CE= — a-f-6 
whence de = cd — CE=2a. 
The space d e is called the throw of the crank. 
Cor. 2. Again dq = cd — CQ 

= a + b — a cos — ft cos <p 
= a (1 — cos 0) + ft (1 — cos 0) ; 
or the motion of q differs from that in the last example, by 
the addition of the movement represented by ft ( 1 — cos 0) ; 
it is compounded of the resolved parts of two circular 
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motions, the one being that due to the motion of p in a com- 
plete circle round c, and the other resulting from the motion 
of p through a part of a circle whose radius is p q. 

It follows that when d c p is a right angle, q is not in the 
middle of its stroke, but that d q is greater than £ q. 

£x. Let c p = 10 inches 1 as in the case of the engine 
p Q = 5 feet J sketched in Fig. 11. 

Let = 90; then sin = — = 1? =i 

^ PQ 60 6 



/. cos^=yi-^=y|=^v35. 

And D Q = a (I — cos 0) -|- ^ (1 — cos 0) 
= 10 + 60 (l - 1 ^35) 

= 10 + -84 nearly, 

or Q is nearly six-sevenths of an inch in advance of the 
centre of its path when the crank has made a quarter of 
a revolution from the line d. 

This inequality in the motion of Q, which is caused by 
the shortness of the connecting rod, produces a sensible 
effect in the working of direct acting engines, and tends to 
make the mean pressure of the steam greater in the up 
stroke, where the piston is gaining in its motion, than in 
the down stroke, where it is lagging behind. 

Cor. 3. If the crank could be prolonged until it became 
infinite, we should have =0, cos 0= 1, and the travel 
of Q represented by the equation, d q = a (1 — cos 0). 

A crank with a connecting rod of infinite length is an 
imaginary creation, but we shall presently see that an 
equivalent motion may be obtained in various ways, and we 
have indeed already met with it in Art. 3. 

7. The Eccentric Circle supplies a ready method of ob- 
taining a crank and link. 

Let p (Fig. 13) be the centre of a circular plate which is 
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movable about c as a centre of motion, q d a bar capable 
of sliding in a vertical line through c. As the circle re- 



Fig. 13. 



Fig. 14. 




volves, p Q remains constant^ and the motion is that of a 
crank, c p, with a link, p q. 

If the roller at q be replaced by a bar q r at right angles 
to D c (Fig. 14), we have p q parallel to itself in all posi- 
tions, and recur to the crank with an infinite link. 

If the roller at q be replaced bj a portion of a circular 
hoop which embraces the plate (Fig. 15) and a point Q in 
the bar be constrained to move always in the line c d, we 
shall extend the link beyond the limits of the circular plate, 
and derive a crank, c p, with an arm, p q. 

8. We select the following example to show the use of 
an eccentric circle under the form represented in Fig. 14. 

In Mr. Anderson's machine for compressing elongated 
rifle bullets, there are punches fixed at the two ends of a 
strong massive rod, to which a reciprocating motion in 
a horizontal line is imparted, and a piece of lead is com- 
pressed into the required form at each end alternately. 

In Fig. 16 the small circle centred at c represents in 
section a shaft caused to rotate by the power of an engine, 
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upon this shaft a short cylindrical block ia forged so as to 
form part of it, and is afterwards accurately turaed into 
the Form of a circular cylinder, whose axis passes through p 
upon one side of the onginal axis. 

A rectangular brass block, h a, is bored out to fit the la^er 
cylinder and slides in the rectangular frame f g, to which 




the cylindrical pieces a b, n e are attached ; the whole is put 
together in the manner shown, and it requires very little effort 
to understand that the rotation of the eccentric cylinder round 
an axis through c imparts to B 8 simultaneous movements in 
a horizontal and vertical direction, whereof one is inopera- 
tive and the other is communicated directly to f g, and 
therefore to the rods carrying the punches. Thus a b and 
c D are made to oscillate in the guides indicated in the 
sketch. 

The contrivance of the wheel at the right band will be 
explained in Chapter 2. 

9. The crank with an infinite link also appears under the 
guise of a sviaah plate. 

Here a circular plate, e f (Fig. 17), is set obliquely upon 
an axis, ac, and by its rotation drives a eliding bar pq, 
whose direction is parallel to a C 
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A small roller at q relieves the friction between the end 
of the bar and the plate. 

In Fig. 18, B and f represent the highest and lowest 



Fig. 17. 



Fig. 18. 





points of the path of q, and the circle e b d is the projection 
of this path upon a plane Ji^ to the axis a c. 

Draw Q M J.' to E F, Q R J.' to the plane e r d, and r x 
J.' to E D. . 

Join H N, and suppose the axis to rotate through an angle 
B A R = 6, and thus to carry q through the vertical space 

R Q. 

E N 



Then 



R Q =MN = AC X 



£ A 



= A c (1 — COS 0) ; 

or the motion is that of a crank a o with an infinite link. 

10. The form which the eccentric circle usually takes in 
practice is deduced at once from the arrangement in Fig. 15. 
A circular plate is completely encircled by a hoop, to which 
a bar is attached : this bar always points to p, the centre of 
the plate, and its extremity drives a pin q, which is con- 
strained to move in the line o Q. (Fig. 19.) 

The plate is moveable about a centre of motion at c, and 
we have already explained that p q remains constant during 
each revolution of the plate, or that the resulting motion 
impressed upon q is that due to a crank, c p, and a 
link, PQ. 

c 
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We shoDld remark that p, the centre of the plate in 
question, may be brought as near as we please to c, the 
centre of the ehaFc, and that the 
throw of the eccentric may be 
reduced accordingly ; but that 
we are limited in the other direc- 
tion, for the shaft must be kept 
within the boundary of the plate, 
and the plate itself must not be 
onveniently large, — conside- 
iooa which are sufficient to 
prevent our increasing o r in 
any great degree. 

The eccentric circle may also 
be regarded as a simple form of 
cam (see Art 18), hut we have 
examined it here on account of 
its being identical in principle 
with the crank and connecting 
rod. 

The object of the complete 
hoop is to drive q in alternate 
directions. In some cases q is 
brought back by a spring, and 
then only half the hoop is re- 
quired ; an instance occurs in 
modem forging machines, whore the motion is very small 
and rapid. 

11. On referring back to Fig. 11, it will be seen that the 
crank and connecting rod labours under the disadvantage 
of entailing a division of the shaft whenever it is required 
to place the crank anywhere except at one end. 

Whenever a crank is required in some intermediate 
portion of an axle or shaft, the axle is cranked in the 
manner shown in Fig. SO, or it is divided, and the two 
cranks or arms are connected by a pin. These cranks 
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Fig. 20. 








and the pin are frequently forged in one solid mass irpon 
the shaft, and shaped afterwards bj the machinery of the 
workshop. 

The great value of the eccen* 
trie arises from the circum- 
stance that it enables us to de- 
rive the motion, which would 
be given by a crank, from any 
part of a shaft without the 
necessity of subdividing it; 
this is particularly noticeable 
in the mechanism of the steam- 
engine, where the crank of 
small throw which is required for moving the steam slide- 
valves, is almost invariably furnished by the aid of an 
eccentric 

12. An intermittent motion may be obtained by placing 
a loop at the point where the eccentric bar engages the pin ; 
if such a loop be provided it can be seen that the pin q can 
only move when one end of the loop 
takes it up. 

But an intermittent motion may be 
obtained in a much better manner by 
a movement adapted for working the 
valves of a steam-engine. 

We observe that if any portion of 
the plate in Art. 7 be shaped in the 
form of a circle round c, such portion 
will have no power of moving the slid- 
ing bar. 

Let the pin p assume the form of a 

circular equilateral triangle, cab, 

formed by three circular arcs, whose 

centres are in a, b, and c, respectively, 

and let it be embraced by a rectangular frame attached to 

a sliding rod. (Fig. 21.) 

ca 



Fig. 21. 




so 
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As A B revolves round the point c, the portion c b will 
raise the plate ; the point b will next come into action, and 
will raise the plate still higher ; the upper edge of the groove 
will then continue for a time upon the curved surface 
A By which is a circular arc described about c as a centre, 
and here the motion will cease ; the plate will next begin 
to fally will descend as it rose, an interval of rest will 
succeed, and thus we shall produce an intermittent move- 
menty which may be analysed as follows : — 

Suppose the circle described bj b to be divided into six 
equal parts, at the points numbered 1, 2, 3, 4, 5, 6. 

Fig. aa. 





1 ^ 





As B moves from 1 to 2, the frame remains at rest; from 
2 to 3 the arc c b drives the frame, and the motion is that 
of a crank c b with an infinite link ; from 3 to 4 the point b 
drives, and the motion is that of a crank c b with an in- 
finite link ; i.e. the motion from 3 to 4 is the same as that 
from 2 to 3, except that it is decreasing in velocitj instead 
of increasing. 
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From 4 to 5 there is rest, then an increase of motion 
from 5 to 6, and finally a decrease to zero as b passes 
through the arc 6 to 1 and completes an entire revolation. 

13. We have hitherto confined our attention to one simple 
example in the geometry of motion : we shall now extend 
our view of the subject^ and shall consider the driver to 
possess circular motion whenever it rotates continuously 
upon a fixed centre or axis ; and in order to generalise still 
further, we shall suppose the reciprocating motion to be 
either rectilinear or circular ; we shall in this manner be 
enabled to bring under one point of view a great variety of 
useful mechanical contrivances. 

14. Circular may be converted into reciprocating motion 
by the aid of escapements. 

An escapement consists of a wheel fitted with teeth which 
are made to act upon two distinct pieces or pallets attached 
to a reciprocating frame, and it is arranged that when one 
tooth escapes, or ceases to drive, the other shall commence 
its action. 

One of the most ancient forms is the following : — 

A sliding frame, A b, is furnished with two projecting 
pieces at c and d, and within it is centred a wheel possessing 
three teeth, p, q, and b, which tends always to turn in the 
direction indicated by the arrow. (Fig. 23.) 

The upper tooth, p, is 
represented as pressing 
upon the projection d, 
and driving the frame to ^^^ ^ ^ 
the right hand : when 
the tooth p escapes, the 
action of q conmiencea 

npon the other side of the frame, and the projection c 
is driven to the left hand. Thus the rotation of the wheel 
causes a reciprocating movement in the sliding piece, A b. 

It is clear that the wheel must have 1, 3, 5, or some odd 
number of teeth upon its circumference. 



Fig. 23. 
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Fig. 24. 




16. The crown wheel escapement was invented for the 
earliest clock of which we possess any record. 

The form of the wheel is that of 
a circular band, with large saw- 
shaped teeth cut upon one edge ; 
the vibrating axis A b (Fig. 24), 
carries two flat pieces of steel, a, b, 
called pallets, which project from 
the axis in directions at right an- 
gles to each other, and engage alter- 
nately with teeth upon the opposite 
sides of the wheel. Suppose the 
wheel to turn in the direction to- 
wards which the teeth incline, and 
let one of its teeth encounter the 
pallet b and push it out of the way; 
as soon as b escapes, a tooth on the opposite side meets the 
pallet a and tends to bring the axis a b back again : thus 
a reciprocating action is set up, which will be very rapid 
unless A B is provided with a heavy arm, c d, at right 
angles to itself. Such an arm possesses inertia, so that 
its motion cannot be suddenly checked and reversed, and 
a recoil action is set up which materially subtracts from 
the utility of this contrivance. For it will be seen that 
the vibration of c d cannot be made to cease suddenly, 
and that the wheel must of necessity give way and recoil 
at the first instant of each engagement between a tooth and 
its corresponding pallet. 

The more heavily c d is loaded at a distance from the 
axis the more slowly will the escapement work, and the 
greater will be the amount of the recoil. 

Here we have an invention which has done good service 
to mankind. It was used in the first clock that was ever 
made : then it became an essential part of all watches, and 
now finally it is everywhere found in the kitchen-jack for 
roasting meat. 
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The principle of this escapement is precigety the game u 
that of tbe preceding one ; the number of t«eth in the wheel 
must therefore be odd, or otherwise the axis a b must be 
set npoD one side of tbe centre of the crovn wheel. 

16. The Anchor Eteapemenl was inrented by Dr. Hooke, 
and is almost universally adopted in the meclisniam of 
pendulum clocks. p,^ „ 

A wheel centred at e is provided 
with a number of teeth, and tends 
always to turn in the direction in- 
dicated by the arrow. (Fig. 26.) 

A portion of this wheel is em- 
braced by an anchor, AC B, centred 
at c, the extreme ends of which are 
formed into pallets, A m and b n : 
these pallets maybe flat or slightly 
convex, but they are subject to the 
condition that tbe perpendicular to 
A m shall pass below e, and the perpendicular to b n shall 
pass between C and e. The point of a tooth is represented 
as escaping from the pallet b n after driving tbe anchor to 
the left band ; as soon as this tooth has escaped, another 
meets a m, and drives the anchor to the right band, and 
thus the wheel can only proceed by causing a vibratory 
motion in the anchor, A C b. 

Tbe rapidity of this vibration may be very great, or it 
may be reduced by connecting the anchor with a much 
heavier body, such as the pendulum of a clock. 

Tliereis the same recoil experiencedupon each ewtngof tbe 
pendulum as that which we noticed in tbe last article, and the 
contrivance is generally known as the ' Recoil Escapement.' 

Tbe exact character of the action which takes place be- 
tween the pendulum of a clock and the scape wheel has 
been the subject of a long and interesting roathematicat 
investigation : it is foreign to our purpose to discuss it here, 
but we may state generally the nature of the problem. 
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Tbe g«mg put of a clock consiaU of ft trkin of vheels 
tendiDg to move nnder tbe action of s weight or spring : if 
the last wheel of the train were left to itself, it would spin 
round with great velocity, and we should fail in obtaining 
anj measure of time. 

l^e escapement isooe part of a contrivance for regulating 
the Telocity of the train of wheels, but the escapement alone 
is not sufficient; we require further a vibrating body pos- 
sessing inertia, tbe motion of wliicb cannot be suddenly 
stopped or reversed. 

Such a bodj is found in tbe pendnlum, and a very intri- 
cate mutual action exists between the pendulum and the scape 
wheel. Tbe function of the pendulum is to regulate and de- 
termine the periodsandamountofonward motion in the scape 
wheel, whereas the office of the wheel is to impart such an 
impulse to the pendulum at each period of this onward move- 
ment as may serve to mtunttun its swing unimpaired, and 
may cause it to move with the same mathematical precision 
which wonld characterise the vibrations of a body swinging 
in vacuo, and uninfluenced by any disturbing causes. 

17. The teeth in tbe wheel are sometimes replaced by 
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pins, in which case tbe form of the anchor may be so altered 
that the action sliall take place upon one side of the wheel, 
as ahown in Elg. 26. 
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In a printing telegraph instrument the recoil escapement 
has been employed to control the rapidity of motion in a 
train of wheels, and the number of vibrations of the 
anclior are appreciated by listening to the musical note 
which it imparts to a vibrating spring. 

The anchor a c b (Fig. 27) is centred at c, and vibrates 
rapidly as the scape wheel £ revolves ; a strip of metal f 
carries on the oscillation to a steel spring which gives the 
note, and the velocity of the train can be regulated by an 
adjustable weight attached to the spring. 

Again, the same escapement forms part of the mechanism 
of an alarum clock, a hammer is attached by a bar to the 
anchor, and blows are struck upon the bell of the clock in 
rapid succession, as the scape wheel runs round. 

18. Circular may be converted into reciprocating motion 
by the aid of cams. 

The term * cam ' is applied to a curved plate or groove 
which communicates motion to another piece by action of 
its curved edge. 

Such a plate is shown in Fig. 28, and, as an iUustration, 
we shall suppose that the portions a b, c a are any given 
curves, and that 6 c is a portion of a circle described about 
the centre of motion. 

It is easy to understand, that as the cam rotates in the 
direction of the arrow, the roller p at the end of the lever 
A p will be raised gradually 
by the curved portion a b, 
will be held at rest while b c 
passes underneath it, and, 
finally, will be allowed to 
fall by the action of c a. 

In this way a cam may be 
made to impart any required 
motion, and may reproduce in machinery those delicate and 
rapid movements which would otherwise demand the highest 
effort of skill from a practised workman. 



Fig. 28. 
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Fig. S9. 
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19. The circular motion being uniform, the reciprocating 
piece maj also move uniformly, or its velocity maj be varied 
at pleasure. 

L Suppose that the reciprocating piece is a sliding bar, 
whose direction passes through the centre of motion of the 

cam plate ; take c as this centre, let 
B p represent the sliding bar, and let 
A be the commencement of the curve 
of the cam plate. (Fig. 29.) 

The curve a p may be set out as 
follows : — 

With centre c and radius c a de* 
scribe a circle, and let b p produced 
meet its circumference in b. 

Divide a r into a number of equal 
arcs Ao^ a b, b c, &c. 

Join c a, c 6, c c, &c., and produce 
them to p, q^ r, &c., making a />, b q^ 
c T, &c. equal to the desired move- 
ments of B p in the corresponding 
positions of the cam plate : the curve 
A p q r,..T will be the curve re- 
quired* 

This curve will often present in 
practice a very irregular shape, but in the particular case 
where the motion of p b is required to be uniform, it 
assumes a regular and well-known form. 

Thus, let c A = a, c p = r, p c A = 0, and let b p move 
in such a manner that p R=:m A r. 

But PR = r — a, AR = a6, J*, r — assmad^ 
which is the equation to the spiral of Archimedes. 

The heart wheel (Fig. 30) has been much used in machi- 
nery, and is formed by the union of two cams of the cha- 
racter just examined. 

A curved plate, c, shaped like a heart, actuates a roller, 
p, which is placed at the end of a sliding bar, or which may 
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be attached to lever bap, centred at some point ▲, 
and connected by a rod b d to the reciprocating piece. 
The peculiar form of the cam allows it to perform complete 
revolutions, and 
to cause an alter- Fig. 30. 

nate ascent or de* 
scent of the roller 
p with a velocity 
which may be 
made quite uni- 
form. A cam of 
this kind will 
only drive in one 
direction; the fol- 
lower must therefore be brought back by the action of a 
weight or spring, and we further observe that its motion 
takes place in a plane perpendicular to the axis or shaft of 
the driver. 

II. Let the direction of b p (Fig. 31) pass upon one side 
of c : draw c R _L' to b p produced, describe a circle of 




Fig. 31. 



Fig. 32. 





radius c R, and suppose the motion to begin when A coin- 
cides with B. 

Divide A b into the equal intervals A a, a b, b Cy &c., but 
now draw ap^b q^cr^ &c., tangents to the circle, and equal 
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in length to the desired movements of b p daring the cor- 
responding periods of motion of the cam plate. 

The curve J^p q r ... p will be that required. 

Its equation may be found as follows : — 

Let c p = r, c A = a (Fig. 32.) 

ACP=0, PCR=^. 

Suppose the linear velocitj of A to be m times that of p, 
or that A R = m . B Py 

then a(d + ^) ^^ m ainn ifi 

But cos ^ = ~ .% tan ^ = ^ /L — 1 

.". + cos " ? = in ^ /-!— 1 
Cor. Let m = 1, or a b ^ r p, 

.-. + cos " - = A /^ - 1 

the equation to the involute of a circle. 

It is evident that the curve a p would now be traced out 
by the end, p, of a string p b, which is being unwound from 
the circle. 

20. Hitherto we have considered the cam to be a plane 
curve or groove ; but there is no such restriction as to its 
form in practice. Let us examine the following verj simple 
case, as well as the extension of which it admits. 





B « 



D is a rectangle (Fig. 33) with a slit b s cut through 
it obliquelj, a pin p fixed to the sliding bar a b works in 
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the slit If the rectangle c d be moved in the direction 
B s, it will impart no motion to the bar A b ; but if it be 
moved in any other direction, the pin p will be pushed to 
the right or left, and so a longitudinal movement will be 
communicated to the bar a b. 

I. Suppose that c d is moved at right angles to A b ; 
draw B N ±' A b, and let A p b = (Fig. 34). 



Then 



velocity of c D __ bn __ . ^ 
velocity of a b f n 




n. Let c D move in a direction inclined at an angle ^ 

to B 8. (Fig. 35.) Ffg.35. 

Draw B N in this direction, 

thPTi ^^^Q<^^^y Q^c D _ BN 
velocity of a b n p 

sin 6 

sin (j> 

Now let c D be wrapped round a cylinder ; it vnll 
form a screw thread, and the revolution of the cylinder 
upon its axis will be equivalent to a motion of the rectangle 
at right angles Fig.ae. 

tothebar,in the J 
manner shown 
in the preced- 
ing article; we 
shall have, therefore, by the arrangement in the figure, a 
continuous uniform rectilinear motion of the bar A b during 
the revolution of the cylinder upon which the screw thread 
is traced. (Fig. 36.) 

If the pitch of the screw be constant, the motion of p b 
will be uniform, and any change of velocity may be in- 
troduced by a proper variation in the direction of the screw 
thread. 

If the screw be changed into a circular ring, a b will not 
move at all 




so 
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It is then a matter of indifference whether the cam he a 
groove traced upon a flat plate or a spiral helix mnning 
round a cylinder. In the first case motion ensues when the 
groove departs from the circular form, and the distance from 
the centre varies ; in the second case motion ensues the 
moment the groove begins to deviate from the form of a 
ring, whose plane is perpendicular to the axis. 

As an illustration of a cam of the latter character, we 
may refer to Fig. 37, which shows a form very much 

used where a small motion 

^*»- 3'* of a lever is required ; 

the lever A c b is centred 
upon the point c, and 
will commence to move 
as soon as the pin at the 
end A reaches that portion 
of the ring which departs from the circular form. 

This kind of cam has the property of giving a motion 
parallel to the axis upon which it is shaped. 

21. We subjoin an example, devised some twenty years 
ago, in which a reciprocating movement is imparted to a 
frisket frame in printing machinery, and it will be presently 
seen that the required result can be obtained in a much 
more simple manner. 

The use of a cam plate allows of an interval of rest at 
each end of the motion, and enables the printer to obtain 
an impression, and to place a fresh sheet of paper upon the 
form. 

A H is the reciprocating frame attached to the com- 
bination of levers gf e d c b by the link a b. (Fig. 38.) 

At the end of the lever, f o, is a sliding pin which travels 
along the grooves in the fiat plate centred at o, and deter- 
mines, by its position, the angular motion of the levers 
about the fixed centres at f and c. 

Where the groove is circular, which occurs in those por- 
ikms which are to the left hand of the vertical dotted line, 



the levers remun Kt rest, &nd the^ chnnge into the position 
ehown b; the dotted lines when the sliding pin passes from 
the outer to the inner channel. The pin is elongated in 




form, as shown at o', and is thus capable of passing across 
the intersections of the groove. 

Precisely the same character of movement may be 
obtained bj the aid of a helical groove traced upon a re- 
volving drum ; the intervals of rest occur when the groove 
assumes the form of a fiat ring, whose plane is perpen- 
dicular to the axis of the drum. 

A right and left-handed screw thread Is traced upon the 
worm barrel, a b, (Fig. 39), which revolves in one uniform 
direction ; a pin at- 
tached to the table 
of a printing ma- 
chine follows the 
path of the groove 
upon the barrel, and 
its form is elongated 
so as to enable it to pass in the right direction at the points 
where the grooves intersect. 

The interval of rest commences with the entry of the pin 
into the flat ring at either end of the barrel, and may he 
made to occupy the whole or any part of a revolution of a b, 
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according as the grooves enter and leave tbe ring at tbe 
same or different points. 

This construction dispenies with the complicated sj'stem 
of levers, vbieh cooBtitutcs such a serious defect in the 
other arrangement. 

Mr. Napier has patented an invention which canses 
the interval of * rest ' to endure beyond the period of one 
revolution of the barrel. (Fig. 40.) 

At the entrance to the circular portion of the groove a 
moveable switch ia placed, and it is provided that the 
switch shall be capable of twisting a little in either 
direction upon its point of support, and also that the 
^^ pin upon which 

the switch rests 
shall admit of a 
small longitndi- 
nal movement pa- 
rallel to the axis 
of the barrel, the 
pin itself being 
urged constantlj 
to the right hand 
by the action of a 
spring. 

In Fig. 1 the shuttle is seen entering the circular portion 
of the groove, and twisting the switch into a position which 
will allow the shuttle to meet it again, as in Fig. 2, and 
to make a second journej round the circular ring. 

The spring which presses the point of support of the 
switch lo the right hand will now cause it to twist hy means 
of the reaction which the passing pin affords, and the con* 
sequence will be that the switch will be lefl in tbe position 
shown in Fig. 3, and will guide the shuttle into the helical 
portion of the groove. Thus the period of rest will be 
that due to about one and two-thirds of a revolution of the 
barreL 
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22. Cams are employed when it is required to effect a 
movement with extreme precision. Thus in the machine 



Fig. 41. 




of Mr. Applegath for printing newspapers, the sheet of 
paper starts upon its journey to meet the type at a particular 
instant of time ; an error of one-twelfth of a second would 
cause the impression to deviate nearly a foot from its cor- 
rect position, and would throw two columns of letter-press 
off the sheet of paper. The accuracy with which the sheet 
is delivered is therefore very remarkable, and is insured by 
the assistance of the cam represented in Fig. 41. 

As c revolves, the roller at b drops into the hollow of 
the plate, thereby determining the fall of the lever a b, 
and by it of another roller which starts the paper upon its 
course to the printing cylinder. 

23. Cams are admirably adapted 
to the production of a short rapid 
motion, with intervals of rest. 

In the expansive working of a 
steam-engine there are two posi- 
tions of rest for the valve which 
regulates the admission of steam 
into the slide case, and it is de* 
sirable to move the valve as rapidly 
as possible from one position to the 
other. 

Hence the form of an expansion cam^ as shown in Fig. 42. 



Fig. 42. 
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24. Where the cam plate is required to effect more than 

one double oscillation of the sliding bar during each revo- 

Fig. 43. lution, its edge must be founed 

into a corresponding number of 
waves. 

There is an example in tele- 
graph commutators (Fig. 43), 
the interruptions of the current 
being caused by the vibrations 
of a lever, p c q, centred at c, 
and whose angular position is 
determined bj the pin at one 
end of it. 

As the wheel revolves, it 
can impress any given number 
of double oscillations upon the lever. 

25. In the striking part of a large clock the hammer 
may be raised by a cam, and may then be suffered to fall 
abruptly. 

The figure represents the cam devised for the West- 
minster clock : the hammer rises and 
falls with the lever, a c (Fig. 44), 
and the cam is so formed that its 
^^^a^ action commences at the extremity 
I IK ^^^^ ^^ *^® lever, and never departs sensibly 
i I ip^ ^9 ^^^^ ^^® ^^^ point ; the cam, a 6, is 

a circle whose centre is at the point 
of intersection of the tangents to the 
rim of the wheel at the points a and c, 

26. We remark, in conclusion, that when the mechanic 
causes the moving body to be influenced by a pin which 
exactly fits the groove along which it travels, it is obvious 
that the moving body will take the exact position deter- 
mined by the pin; on the other hand, where the cam 
is merely a curved plate pushing a body before it, there 
is no certainty that this body will return unless it be 



Fig. 44. 




brought back b; a weight or spriug. Hence it arises that 
double cams have sometimes been employed in machinery, 
and we take the next example from an early form of power- 

A B is the treadle {Fig. 45), e and r are the cam wheels 
or tappets, which reTolve in the directions shown by the 
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arrows, and in such relative positions that the projections 
and hollows are always exactly opposite to each other. As 
the cams rotate, the treadle, a b, is alternately elevated 
and depressed, and the threads of the warp are opened so 
as to permit the throw of the shuttle during the operation 
of weaving. 

87. Mangle wheels form a separate class of contriv- 
ances for the conversion of circular into reciprocating 
motion. 

A mangle wheel is nsnally a flat plate or disc furnished 
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with pina projecting from its face; tbese pins do not fill 
up an entire circle upon the wheel, but an interral is left, 
88 shown at F, utd z, 
Fig. 46. 

\. pinion, p, engages 
'i the pins, and is 
supported in such & 
manner as to allow of 
its shifting from the 
inside to the outside, or 
conversely, by mn- 
ning round the pins at 
F and E. 

The pinion, P, al- 
ways turns in the same 
direction, and the di- 
rection of rotation of the mangle wheel is the eame as ttiat 
of p when the pinion is inside the circular arc, and in the 
opposite direction when the pinion passes to the outside. 

By referring to the chapter upon the Teeth of WheelB, wo 
may see that the inner and outer pitch circles coincide in the 
case of a pin wheel, and therefore that the rotation of the 
mangle wheel is precisely the same in both directions. 
28. If the pins be replaced by a curved ring furnished 
with teeth, the mangle wheel will 
move more rapidly when the 
pinion is upon the inside cir- 
cumference, and by giving cer- 
M tain arbitrary forms to this an> 
nulus, the velocities of advance 
'// and return may be modified at 
^' pleasure. Contrivances such as 
this belong to the early days of 
mechanical science. 
. The mangle wheel may be converted into a mangle 
nMA by pladng the pins or teeth in a straight line. 
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Here the pinion must be so suspended as to allow of its 
shifting from the upper to the under side of the rack. 



Fig. 48, 




90. Sometimes the pinion is fixed, and the rack shifts 
laterally : an excellent form of this arrangement was intro- 
duced by Mr. Cowper, and serves to give a reciprocating 
movement to the table in his printing machine. 

The rack, h f (Fig. 49) is attached to the system of 
bars in the manner exhibited in the diagram. A and c are 
centres of motion, and are the points where the bars are 
attached to the table, a a and c e are bisected in b 
and D, and are joined by the rod, b d ; the rack, h f, is 
attached to the bars, a (} and c e, by the connecting links, 
o H and f e. 

Fig. 49. 




The precise value of the contrivance will be understood 
upon referring to the section upon Parallel Motion, and it 
will be seen that when the pinion has ^u&bi^d. XVkS^ t^«^\i^ 
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either end of its path, the bars will move together, and will 
shift H F in a direction parallel to its length, and will 
thereby cause it to change from one side to the other of 
the pinion. 

In this way the table, carrying the parallel bars and the 
rack, oscillates backwards and forwards, while the pinion, 
which transmits the force, remains fixed in space. 

When this machine is applied to the printing of news- 
papers, the table moves at the rate of 70 inches in a 
second, and its weight, including the form of type, is about 
a ton and a half. When urged to its highest speed the 
machine will give 6,500 impressions in an hour, which is 
about the greatest number attainable under a construction 
of this kind ; the true principle in rapid printing being 
that announced in the year 1790 by Mr. Nicholson, who 
proposed to place the type upon a cylinder having a con- 
tinuous circular motion, and upon which another cylinder 
holding the paper should roll to obtain the impression. 
But although Mr. Nicholson enunciated the principle more 
than seventy years ago, and took out a patent for a mode of 
carrying it out, there is a wide diiference between saying 
that a thing ought to be done, and showing the world how to 
do it in a practicable manner ; hence it was not until late 
years that Mr. Applegath, and finally Mr. Hoe, were en- 
abled so to* arrange their cylinder printing machines upon 
the principle of continuous circular motion as to satisfy the 
wants of the * Times ' and the * Daily Telegraph,' and to 
print some twelve or fourteen thousand sheets in an hour. 

To recur to our shifting rack, it must be remarked that 
by reason of the great weight of the table, and the rapidity 
with which it moves, it would be quite unsafe to leave the 
rack and pinion in the present unassisted condition ; a 
guide roller therefore determines the position of the pinion 
relatively to the rack, while the rack itself shifts laterally 
between guides. 

But since, theoretically, the rods would cause h F to 
.move always in a direction parallel to itself *« so, practically, 
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Fig. 80. 




they enforce the desired movement in the path of the guides 
with as little loss of power as possible. 

31. If it be required that the reciprocation shall be 
intermittent, i. e. that there shall be intervals of rest, 
we may employ a segmental wheel and a double rack. 

(Fig. 50.) 

The teeth upon the 
pinion engage alter- 
nately with those upon 
either side of the sliding 
frame, a b, and the mo- 
tion is of the character 
required. The intervals 
of rest are equal, and 
are separated by equal periods of time. 

A pin upon the wheel and a guide upon the rack will 
ensure the due engagement of the teeth. 

32. A mechanical equivalent to the above is found in the 
use of two segmental wheels and a single rack. (Fig. 51.) 
The segments must be 
equal, but they may be 
placed in diiferent rela- 
tive positions ; and, as a 
consequence, the inter- 
vals of rest may be sepa- 
rated by unequal periods 
of time. 

33. Combinations of toothed wheels, or something equiva- 
lent thereto, may be used in the conversion which we are 

Fig. 52. 



Fig. 61. 





considering. Let A, b, c (Fig. 52) be ihree si^mt 'v\i^^ \x^ 
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Fig. 53. 




gear, then a and b tarn in opposite directions, but a and c 
turn in the same direction. 

If, however^ the wheels a and c be bevelled wheels, and 
be arranged with reference to b, as in the figure annexed, 

thej will no longer turn in the 
same, but in opposite directions. 
(Fig. 53.) 

There are manj contrivances 
founded upon these simple pro- 
positions in the geometry of 
motion, of which we select the 
most prominent examples ; pre- 
mising at the same time one or 
two general observations. 
94. In the transfer of force bj machinery, the moving 
power is carried from one piece of shafting to another, 
throughout the whole length and breadth of the factory; it 
passes from point to point, enters each separate machine, 
and gives movement to all the parts whieh are prepared for 
its reception. 

Now it must be remembered that the engine is never 
reversed, and that the power flows on in one uniform direc- 
tion. 

Take the case of a machine for planing iron : here the 
principal movement is that of a heavy table sliding forwards 
and backwards, and carrying the piece of metal which is 
the subject of the operation. 

There are two methods of obtaining the desired result : 
the power may be poured, as it were, into the machine by a 
stream running always in one direction, and the reciproca- 
tion may be provided for by the construction of the internal 
parts, or the flow of the stream may be reversed by some 
intermediate arrangement external to the machine itself. 

35. The former method is that usually adopted, and we 
shall first examine those machines where the reciprocation 
depends upon the internal construction of the moving parts. 
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The power is derived from the shafting by means of a 
band passing over a drum on the main shaft and over one 
of the three pulleys, b, i, f, at the entrance into the 
machine. (Fig. 64.) 

In the annexed figure, which shows the principle of the 
movement adopted bj Collier in his planing machines, and 
subsequently much used by other makers, the pulley e is 
keyed to a shaft terminating in the wheel a' ; i is an idle 
pulley riding loose upon the same shaft ; f is a pulley fixed 
to a pipe or hollow shaft, through which the shaft con- 
necting £ and a' passes, and which terminates in the 
wheel A. 

Fig. 54. 




b' c is a second shaft which carries the toothed wheels 
b' and c. 

B is an intermediate wheel riding upon a separate stud. 

When the band drives the pulley e, we observe that a' and 
b' turn in opposite directions ; whereas the motion is re- 
versed when the band is shifted to f, for in that case a and 
turn in the same direction. When the driving band is 
placed upon i, the machine remains at rest. 
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The rotation of b'c may be made much more rapid in one 
direction than in the other, and the construction is therefore 
very valuable in machinery for cutting metals. 

The slow movement occurs while the cutting tool is 
removing a slip of metal, and the return brings the table 
rapidly back into the position suitable for a new cut. 
, 36. This movement, slightly modified, is adopted in Col- 
lier's planing machine, and in those of other makers. 

We give so much of the machine as will explain the 
method of reversing the motion of the table. (Fig. 55.) 
When the strap is upon the pulley f, the wheel a turns in 
one direction. When the strap is* upon the pulley £, the 
motion passes to b, which turns with e, and thus the axis, 
c D, is made to revolve in the opposite direction with a 
reduced velocity. The wheels a and d both engage with 

Fig. 65. 




another wheel not shown in the drawing, which actuates 
the table, and the reversal takes place according as the 
moving power resides in a or in d. 

37. There is an instance of the application of this con- 
trivance in a machine arranged for the purpose of cutting 
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a Bcrew-tbresd in the interior of tho breech of an Arm- 
strong gun. 

Here r and b are working pulleys fastened respectively 
to the wheels a and a.' which ride loose upon the shaft 
H K ; the wheel h is keyed to h k, and is further attached 
by a coupling to the mutzle of the gun operated upon. 




When the strap is upon b, the motion travels from a' to b', 
and so on to L and u ; whereas upon shifting the strap to f, 
the motion passes'from a to c through a small intermediate 
wheel, and thence to l and u, and thus the gun is made 
to rotate alternately in opposite directions with unequal 
▼elocities. 

The object of the machine is to copy upon the interior 
of the breech of the gun a screw thread which is formed 
upon a shaft r. 

For this purpose the shaft h k is coupled to R, and moves 
with it, and a slide rest carrying a cutter advances longitu- 
dinally along the gun, with a motion derived directly from 
a nut which travels along the screw thread formei u^i^'^ 
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Since the cutter on only remove the metal while passing 
in one direction, there is a loss of time during the retnm 
motion which it ia the olject of this oombinstioo to reduce 
u mnch w possible, 

38. A reversing motion with three pnlleys xnd three bevil 
wheels Is the following, snd has been adopted hj Mr. Whit- 
worth in his planing machines ; — 

As before, there are three pulleys, e, i, and t, whereof i is 
an idle pulley, and rides loose upon the shaft ; e is keyed to 
a shaft terminating in the bevil wheel C, and r sits upon a 
pipe through which the shaft connecting e and c passes, 
and which terminates in the bevil wheel a. (Pig. 57.) 

B is a bevil wheel at the end of the shaft whose direction 
of rotation is to be reversed. 




It ia clear that the motion of the wheel b is reversed 
when the driving strap is shifted from e to f. 

This is an example of the second case in Art. 3S| and 
differs from that lost considered in not pennittiog the 
motion of B to be more rapid in one direction than in 
the other. 

It may, however, be so arranged as to produce this resnlt 
by making a and C of unequal size, and causing them to gear 
respectively with two suitable wheels upon the axis of b. 

39. The contrivance just described is shown in Fig. 58 
as applied in a machine for rifling guns, and the method 
adopted is precisely that so generally employed in planing 
machines. 
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The three pulleys and the three bevil wheels sre con- 
nected together in the niEUiner already indicated, and the 
bevil wheel b by it« rotation causes a saddle s carrying the 
rifling bar to move along the screw in the direction of its 

FI|.H. 




length. A bell crank lever, U l n, controls the bar f q, 
which carries a fork used to shift the strap; the arms of the 
lever are in different horizontal planea, ln being the lower 
of the two ; a moveable piece, r, fixed at any required point 
of tlie bar k b, which runs the whole length of the machine, 
is caught by a projection on the saddle as it passes to the 
right hand, and then the bell crank lever is actuated, and 
the fork is pushed from £ to f> A weight falls over when 
tfaia is taking place, and gives the motion with sharpness and 
decision, so as to prevent the strap from resting upon f during 
its passage. On the return of the saddle to the other end 
of its path, a similar projection agiun catches a second piece 
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upon the sliding bar n b, and the strap is thrown back from 
F to E. 

40. The action of reversal by shifting the driving strap is 
comparatively slow, a more rapid movement is often wanted, 
as in screwing machines, and may be obtained by the use of 
a sliding clutch. We now employ one working pulley, and c 

is commonly the wheel 
whose rotation is to be 
reversed. (Fig. 59.) 

The wheels a and c 
ride loose upon the shaft 



Fig.B9. 




E D, and the intention 
is to impart the motion 
of £ D to A and c alter- 
nately. 

For this purpose a sliding clutch n is fitted upon k d, and 
engages with a and c by turns ; when n is moved up to a 
the rotation of the shaft is given to a, and carried on to c, 
whereby c rotates in the opposite direction to ed ; but when 
N engages with c, of course that wheel rotates in the same 
direction as E d, and thus the reversal is obtained. The 
reversal of the wheel b, as well as that of c, occurs when 
N is shifted to the right or left 

4L In spinning machinery a reversing motion is fre- 
quently obtained as follows : — 

A bevil wheel, b, is connected with the driving shaft, and 

the two bevil wheels, a and c, 
are keyed to the shaft whose 
motion is to be reversed ; the 
interval between a and c being 
enlarged so that b can only be in 
gear with one of these wheels at 
the same time ; the reversal is 
effected by shifting the piece a c 
longitudinally so as to allow b to 
engage with a and c alternately. 
This is again an example of the second case in Art. 33. 



Fig. GO. 
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Fig. 61. 




42. Mr. Whitworth has proposed the subjoined arrange- 
ment for the reversal in a machine for cutting screws : we 
take it as an example of the use of 
segmental wheels, which, however, 
should always be avoided if pos- 
sible. There is onlj one driving 
pnllej, and two segmental wheels 
are keyed upon the driving shaft. 
They are close together in the 
machine, and for the sake of the 
explanation we have placed one 
above the other. The object is to 
effect the reversal of a shaft c : the 
segmental wheels a and a' have 
teeth formed round one half of each 
circumference, and the toothed seg- 
ments are in sitilations opposite to 
each other, as in Fig. 61. 

When the action of a ceases, that of a' begins, and wo 
have the wheels a and c, or the wheels a', b, and c alter- 
nately in action, i. e. we have a reciprocation of c. This is 
a direct example of the first case in Art. 33. 

43« Where the reciprocation is effected by a contrivance 
external to the machine it- 
self, two driving bands may 
be employed : of these one 
is crossed, and the other is 
open, as shown in Fig. 62, 
and it is apparent that the 
lower discs b and d will 
turn in opposite directions, 
although they derive their 
motion from a and c, which, 
being driven directly by the 
engine, rotate always in the 
same direction. 



Fig. 62. 
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44. The form which the arrangement SMomea in practice 
ia Bbown id Fig. 63, where one of the driving bands is 

represented as crossed, and the ro- 
Fii- *>- tation of the shaft, h K, is derived 
from each band alternately. 
There are four pulleys, whereof i 
_ ^ and i' are loose upon the shaft, and 

nn^ are twice as broad as sand D, which 
H are working pulleys. 
The bands are shifted by two 
forks, and remain always at the 
same distance from each other. In 
the figure the bands are both upon 
the idle pulleys, and h e remains 
at resL When the bands are 
shifted to the right, the open strap 
drives B, and the crossed one re- 
mains upon i' : when the bands are 
shifted to the lef^ the crossed strap 
drives i>, and the open one will be 
found upon the pulley i. Thus the 
shiiting of the bands will efiect 
the required reversal of the shaft 

IK. 

The motion in either direction is 
■ the same, but it may be varied by 
' placing drums of unequal size upon 
the upper shaft, and again by intn. 
ducing an inequality between the 
pair I, B, and the pair i', d. In 
order to make the explanation clearer, we have described 
the pulleys n and d as distinct from each other ; it is usual, 
however, to replace them by a single pulley. 

45. There is yet one most ancient contrivance for chang<- 
ing circular into reciprocating motion, which will repay the 
trouble of-analysing it. In the form exhibited in the next 
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Fig. 64. 




article it was used by the early Greek astronomers to 
represent mechanically the motion of the Moon. 

Let the arm, o p, 
(Fig. 64) be centred 
at Cp and convey mo- 
tion to the grooved 
arm, b b, by means 
of a pin, p, which 
fits into the groove. 

If c p be less than o b, the uniform circular motion of 
G p will cause a variable reciprocating motion in b r. 

Let c (Fig. 65) be the centre of the circle described by p, 
p /> a small arc, and p n a JL' upon b p. 

Let PCB^0, PBC = ^OP = a, CB = c. 

Then tan 6 = ^ '^'^ ^ 

c — a cos 



Fig. 65. 




which gives the position of b p corresponding to that of the 
driving arm. 

/.""vel. ofBP Pn p» pn op 

^ ^ vel. of C P PB CP PB pp 



Again 
But 



F n=sF p cos p p n 

= p |> cos rf p c 

= p p cos (0 + ♦) 
Z. ' vel. of B p _ c p cos (0 4- 0) 
Z.'veLot*CP "" PB 

If we draw b d, b h, tangents to the circle described 
by Py it will be evident that the times of oscillation. oC 

E 
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the arm will be unequal, and will be in the same pro- 
portion as the lengths of the arcs d l h, dk h. (Fig 66.) 



Fig. 66. 




46. If c p be greater than o b, there will be no reciproca- 
tion, but the uniform circular motion of c p will give rise 

Fig. 67. 




to a variable circular motion in b b, and thus indirectly we 
may effect a reciprocating movement with a quick return. 
(Fig. 67.) 

As before, let c be the centre of the circle described by p. 

c p = a, c B = c, 

PC B = 0,PBD = ^, 

_, a sin Q 

Then tan ^ = « 

^ a cos Q — c 

L ' vel. ofBP p« pp 

Z ' vel. ofcp""PB CP 

p p cos c p B c P 



And 



P B 
C P cos C P B 

Fb 



Pp 
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If G B be small, the angle cp b will be small also, whence 

cos c p B = 1 nearly, and the Z. ^ vel. of b p or — nearly. 

' B p 

The angular vel. of bp will be equal to that of c r when 
c p . cos c p B = B p, or when c b p is a right angle. 

In the circle described by p draw d h J.*" c b, then the 
times of a half revolution of b p will be in the proportion of 
the arcs d k h and d l h. (Fig. 68.) Fig. re. 

If B p be made to carry a link, r q, 
as in the case of the crank and con- 
necting rod, the linear motion of q 
will be the same in amount as if b r l 
revolved uniformly, but the periods 
of each reciprocation will in general 
be different. (Fig. 69.) 

The difference in the times of oscillation will depend upon 
the direction of the line in which q moves. 

The best position for that line is in a direction JL*" to 
c b : a little consideration will show that the times of oscil- 
lation are always as the arcs d k h and d l h, and that the 
inequality between these arcs is greatest when d n isj.*" 
to c B, and diminishes to zero when d h passes through c b. 

47. We have now an arrangement very suitable for 
effecting a quick return of the cutter in a shaping machine. 
(Fig. 69.) 

Fig. 69. 





Let one end of a connecting rod be made to oscillate in 



E 2 



52 



ELEMENTS OF HEOHANISM. 



4i line JL'^ c B, or nearly so, and let the crank b r be driven 
by an arm, c p, which revolves unlformlj in the direction 
of the arrow, we at once perceive that q will advance slowlj 
and return quickly, the periods of advance and return being 
as the arcs d l h and d k h. 

48. Such a direct construction is not very convenient for 
the transmission of force, and it has been so modified by 
Mr. Whitworth in his Shaping Machine, that the principle 
remains unchanged, while the details of the moving parts 
have undergone some transformation. 

This machine is analogous to a planing machine, but 

there is no moveable table ; the piece of metal to be shaped 

Fig. 70. is fixed and the cutter 

travels over it. The 
object of the contrivance 
is to economise time, and 
to bring the cutter rapidly 
back after it has done its 
work. 

The arm c p (Fig. 
70) is obtained indirect^ 
ly by fixing a pin, p, 
upon the face of a plate, 
F, which rides loose upon a shaft, c, and is driven by a 
pinion, e. 

As the wheel f revolves upon the shaft represented by 
the shaded circle, the pin moves round it, and remains at a 
constant distance from its centre. 

A hole, B, is bored in the shaft, c, and serves as a centre 
of motion for a crank piece, d k, shown in Fig. 71. The 
connecting rod, r q, is attached to one side of this crank 
piece, and the pin, p, works in a groove upon the other 
side. Thus the rotation of the crank causes the end q 
to oscillate backwards and forwards, and to return more 
rapidly than it advances. 
The length of the stroke made by Q must be regulated 
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by the character of the work done, and is made greater or 
less by shifting r farther from or nearer to b ; this adjust- 
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ment does not affect the inequality in the periods of advance 
and return which the machine is intended to produce. 

49. There have been some shaping machines constructed 
also upon the principle discussed in Art. 45. 

Here the crank, b r, which actuates the cutter by means 
of the connecting rod, r q, is made to vibrate slowly in 

Fig. 73. 





one direction and rapidly in the other by deriving its 
motion from the arm c p which revolves uniformly, ac- 
cording to the method explained. (Fig. 72.) 

The movement just examined is useful also in looms for 
weaving carpets ; the wires upon which the looped fabric 
is formed may be inserted rapidly between the warp 
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threads, but thej should be withdrawn more slowlj after 
the weft has been beaten up. Accordinglj this slotted lever 
has been employed precisely in the same waj as in the 
shaping machine described in the last paragraph, in order 
to actuate a moving piece which inserts and withdraws 
the wires. 

60. From the invention of the Art of Printing in the jear 
1450 till tlie year 1798 no material improvement was made 
in the Printing Press. The earliest representation of a 
press occurs as a device in books printed by Ascensius ; 
there is scarcely any difference between it and a modern 
press, and it is truly a matter of astonishment that so long 
a period as nearly 350 years should have rolled on without 
some improvement being made in so important a machine. 

The wooden press consists of two upright pieces of 
timber joined by transverse pieces at the top and near the 
bottom ; a screw furnished with a lever works into the top 
piece, and by its descent forces down a block of mahogany, 
called the 'platten,' and thus presses the sheet of paper 
upon the type, which is laid upon a smooth slab of stone 
embedded in a box underneath. In the year 1798 Lord 
Stanhope constructed the press of iron instead of wood, 
and at once transferred the machine from the hands of the 
carpenter to those of the engineer; ho further added a 
beautiful combination of levers for giving motion to the 
screw, causing thereby the platten to descend with de- 
creasing rapidity, and consequently increasing force, until 
it reached the type, when a very great power was obtained. 

The Stanhope levers may be regarded as a simple modifi- 
cation of the crank and connecting rod, and may be arrived 
at as follows. 

Suppose that c p and p Q (Fig. 73) represent the crank 
and connecting rod discussed in the early part of the 
chapter, and let Q be made to oscillate in a circular arc by 
fixing it to the end of a lever bq, which is moveable about 
a centre at b. 
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Fig. 78. 




If a force, f, be applied at the end of the handle, a c, 
80 as to turn the crank, o p, uniformly in the direction 
indicated, the arm, b q, 
will, under proper con- 
ditions, move with a 
continuallj decreasing 
▼elocitj until it comes 
to rest, and then any 
further motion of c p 
will cause it to return. 

The lower diagram 
shows the levers in this 
extreme position, and 
the graduated scales at 
p and Q indicate the 
relative angular move- 
ments of p and b q. 

Now the motion, interpreted as a question in mechanics, 
implies that the resistance at q necessary to balance the 
force which turns the crank is increasing rapidly as the 
rotation of b q decreases, and that there is no limit 
theoretically to the pressure which will be felt as a pull 
at Q by reason of the force f. In practice this extreme 
pressure is exerted through so very small a space that the 
theoretical advantages are scarcely realised, but the ar- 
rangement is exceedingly useful as applied in the Printing 
Press. 

The lever b q is there employed to turn the screw that 
acts upon the platten ; the workman gives a pull to the 
handle, a c, and by doing so causes the platten to descend 
with a motion which is at first considerable, and afterwards 
rapidly dies away. At the same time, the limited amount 
of power which is exerted comes out with greatly magni- 
fied effect in impressing the paper upon the type. 

61. There is no difficulty in arranging that the onward 
motion of c p shall cause b q to reciprocate, but if it 
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Fig. 74. 




be required that o p shall make complete revolutions, 

some consideration will be neces- 
sary. In Fig. 74 the points e and 
H, where the oscillation of Q ter- 
minates, are given by the condition 
that c p and p q fall into the same 
straight line. 

/, CE = PQ— CP 
OH =PQ + CP 

If c p is to make complete revo- 
lutions, it will be further necessary 
that p and p q shall come into 
a straight line before b q and pq 
have the power. to do so: hence 
the required conditions are that 

CB + BQ7CH0r7PQ + CP 

And CB — BQZ. OEorZ.PQ — CP 
62. The remaining matter to be noticed in connection 
with the motion of c p and b q is a comparison of their 
angular velocities. 

Draw GS, BB perpendiculars upon the direction of pq^ 
and let p and Q move to p and q during the smallest 
conceivable interval at the beginning of the motion. 
(Fig. 74.) Then the resolved part of the motion of Q in 
direction q p = q g cos PQg=:QgsinBQB 

B B Q (7 1 

^-:; =B» X H =®* ^ angle QB^r. 

B Q B Q « -. 

So also the resolved part of the motion of p in direction 
Q p =5 c 8 X angle rep. 

But in the first instant of motion these resolved parts are 
equal to each other. .*. bb x angle qb^sc s x angle rep 
angle Q b y _o s Z.'^vel. of bq _ o s 

• • angle p c /> ""be Z. ' veL of o p """ bb 

We shall hereafter comprehend the value of this propo- 
sition, with which we conclude the present chapter. 



= <iyx^=BKX 
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ON THE CONVERSION OP RECIPROCATING INTO CIRCULAR 

MOTION. 

63. It has been shown that the motion of a point in a 
circle results from the combination of two reciprocating 
movements in lines at right angles to one another, and that 
circular may be converted into reciprocating motion bj the 
suppression of one of these movements. 

The reconversion of reciprocating into circular motion is 
not a problem of the same kind, as we now require the 
creation of a movement, instead of its 
suppression: such a creation is impos- 
sible in a strict mathematical sense, but 
is practically attainable by mechanical 
construction. 

64. We recur now to the contrivance 
of the crank and connecting rod as one 
of the most obvious methods of solving 
the problem ; it is clear that the travel 
of Q in a line pointing to o will cause the 
rotation of o p, and compel p to move in 
a circular arc. (Fig. 75.) 

But unless o p possesses inertia, or is 
attached to some heavy body as a fly- 
wheel, which, when once set in motion, 
cannot suddenly come to rest, there will 
be two points where the power exerted 
at Q will fail to continue the motion, and 
these points are evidently at a and b, where c p q straightens 
into a right line. 
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It is usual to call a and b the Mead points' in the motion, 
and p must be made to pass through them without deriving 
anj aid from q. 

In applying the crank and connecting rod to beam-engines, 
the piston rod is attached bj Watts's parallel motion to one 
end of a heavy iron beam, and the rotation of the fly-wheel 
is derived by the aid of a connecting rod or spear uniting 
the other end of the beam with a crank which turns the fly 
wheel. The application to direct acting engines, of which 
the locomotive engine may be taken as the type, has been 
already noticed, and the student will now understand that 
the mechanical working would be incomplete unless the 
crank were attached to a fly-wheel or other heavy revolving 
body balanced upon its centre, which would carry p through 
those portions of its path near to the dead points, and would 
also act as a reservoir, into which the force of the steam 
might be poured, as it were, unequally, and from which it 
might be drawn off uniformly, so as to cause the engine to 
work smoothly and evenly. 

In marine engines, where the fly-wheel is not admissible, 
and where the engine must admit of being readily started in 
any position, two separate and independent pistons give 
motion to the crank shaft. In this case the two cranks are 
placed at right angles to each other, so that when one crank 
is in a bad position, the other is in a good one. 

The same plan holds in the construction of locomotive 
engines. 

65. In the instances considered, the circular motion 
derived from the reciprocating piece is continuous ; it now 
remains for us to examine a class of contrivances for pro- 
ducing the like result where the circular motion is inter- 
mittent. 

The circular motion being that of a wheel turning upon 
its axis, it may be arranged that one-half of the reciprocating 
movement shall be suppressed, and that the other half shall 
always push the wheel in the same direction ; this is the 
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Fig. 76. 




principle of the ratchet wheel : or the reciprocating piece 
may be of the form shown in escapements which produce a 
recoil, and its pallets will then act upon opposite sides of 
the wheel, And push it always in one uniform direction. 

66. A wheel provided with pins or teeth of a suitable form, 
and which receives an inter- 
mittent circular motion from 
some vibrating piece, is called 
a ratchet wheel, (Fig. 76.) 

Here £ represents the ratchet a' 
wheel furnished with teeth 
shaped like those of a saw, 
and A B, the driver, is a click 
or paul, jointed at one end, a, 
to a moveable arm, a c, which 
has a vibrating motion upon 
c as a centre. 

As A G moves to the right hand, the click, b, pushes the 
wheel before it through a certain space ; upon the return of 
A c, the click, b, slides over the points of the teeth, and is 
readj again to push the wheel through the same space as 
before, being in all cases pressed against the teeth bj its 
weight or by a spring. A detent, d, pre- 
vents the wheel from receding, while b is 
moving over the teeth. 

In this way the reciprocating movement 
of A B is rendered inoperative in one direc- 
tion, and the circular motion results from 
the suppression of one half of the recipro- 
cating movement. The wheel, e, and the 
vibrating arm, a o, are often centred upon 
the same axis. 

The usual form of the teeth is that given 
in the figure, and the result is that the 
wheel can only be driven in one direction ; 
but in machinery for cutting metals it is frequently desirable 
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to drive the wheel indifferentlj in either direction ; in 
that case Mr. Whitworth adopts the annexed construction. 
(Fig. 77.) The ratchet wheel has radial teeth, and the 
click, B, can take the two positions shown in the figure, 
and can drive the wheel in opposite directions. 

67. Everyone must have seen the application of the 
ratchet wheel to capstans and windlasses, where it is intro- 
duced in order to prevent the recoil of the barrel ; the same 
purpose for which it is applied in clocks and watches. 

It was a very earlj improvement to provide two pauls of 
different lengths, termed by the sailors ^paul and half 
paul,' and thereby to hold up the barrel at shorter intervals 
during the winding on of the rope ; in fact, a ratchet wheel 
of eight teeth thus became practically equivalent to one of 
sixteen teeth, and the men were better protected from any 
injury which might be caused by the sudden recoil of their 
handspikes. 

The principle of this contrivance is very intelligible, and 
Fig. 78. is shown in Fig. 78, where 

the two pauls, d p, £ q^ differ 
in length by half the space 
of a tooth. 

As the wheel advances by 
intervals of half a tooth, each 
paul falls alternately, and the 
same effect is produced as if 
the number of teeth were doubled, and there was only 
one paul. 

In the same way three pauls might be used, each differ- 
ing in length by one-third of the space of a tooth, and so 
the subdivision might be extended. 

68. Where the pauls or clicks act as drivers instead of 
detents, the same holds good. Conceive now that two 
clicks, D P, D Q (Fig. 79), differing in length by half the 
space of a tooth, are hung upon a pin d at the end of the 
arm which drives the ratchet wheel ; they will manifestly 
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engage the wheel alternately, and will move it as if there 
were twice as many teeth driven bj one click. 

And so for three or a greater pig. 79. 

number of clicks. » 

In practice it is often re- 
quired to move a ratchet wheel 
through certain exact spaces, 
differing bj small intervals; 
where such is the case it is 
better not to attempt a minute subdivision of the teeth, 
as thej become liable to break and wear away and the 
action is uncertain, but recourse may be had to this 
method of placing three or four clicks upon the driving 
arm. 

On referring back to Fig. 16, the student will find an 
example of the use of a ratchet wheel. A link, h k, con*- 
nects the reciprocating frame, f g, with an arm, l m, carry- 
ing a click at q ; thus the oscillations of the frame are 
received by the arm, and the wheel is advanced a certain 
number of teeth upon each motion to the right The 
number of teeth taken up can be regulated by adjusting the 
distance of k from l by means of a screw; the nearer k is 
brought to L, the greater will be the advance of the ratchet 
wheel at each stroke. 

The object of the arrangement is to feed on the rod of 
lead from which the material for each bullet is cut, and by 
placing three clicks at q instead of one, the amount to be 
advanced for bullets of different sizes may be regulated 
with considerable nicety. 

69. The method here adopted for regulating the integral 
number of teeth taken up is one in very common use. 
There is, however, another principle upon which a like 
result can be obtained, which has been introduced by Mr. 
Whitworth in his Planing Machine. Let c a represent a 
rod centred at c, upon which point also there is centred a 
circle carrying two pins at p and q. 




A ratchet wLe«l, ! 

■ Flf, 81. 
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t now that the circle vibrates regularly to the 
right and left through a definito angle, P C Q, then it will 
Pit. m. be seen that if P and q embrace the 

rod closely upon opposite sides, the 
whole vibration of the circle will be 
imparted to C a. 
If, however, q be moved to q, the 
\ arm c A will be pushed to Q by the 
I pin p when moving to the right, but 
vill only return u far as q can carry 
t, i.e. to 9, and the vibration wiU take 
place through an angle Q c 9 instead 
of an angle Q c p, and in this way, by separating p and <i, 
the motion of a o may be reduced till it ceases altogether. 
arm carrj'ing a click, and another 
wheel provided with a circular 
slot, are placed in the order stated 
upon the same axis, and can all 
■e independently of each other. 
L There are two moveable pins in 
the circular slot, which are ca- 
pable of being fixed in any posi- 
tion by nuts at the back of the 
wheel, and which embrace the 
carrying the click, but do 
not reach the click itself. 

The ratchet wheel is connected with a screw which 
advances the cutter across the table, and the object is to 
impart definite but varying amounts of rotation to the screw 
after each cut has been taken. 

The wheel f receives a fixed amount of vibration from 
the table, and will impart the whole thereof to the click if 
p and Q be made to embrace the arm closely upon each 
side -, or it will impart any less amount, gradually diminish- 
ing to zero, as f and <j are separated to greater intervals 
along the groove, and thus the feed of the cutter may be 
regulated According to the demands of the vork. 
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60. A mechanical equivalent for the teeth ^nd click may 
be found in what is termed a nipping lever, constructed 
upon the following principle. 

Conceive that a loose ring 

Bnrrounds a disc, a, and that upon 

ft projecting part of the ring there 

is ashort lever, DE,c«ntred. This 

lever is moveable about a fulcrum 

at r, near to the wheel, and ter- 

uinatea at one end in a concave 

cheek, d, fitting the rim of the disc. On applying a force 

atxtbe lever will nip or bite upon thedi^c, and the friction 

•et np may be enough t« cause them to move together as 

if they were one piece. Upon reversing the pressure at e, 

the nipping lever will be i-eteased and the ring will slide 

ft short space upon the disc : thus the action of a ratchet 

wheel ia imitated. 

61. The ratchet wheel has been much used in obtaining 
an advance of the piece of timber at each stroke of the 
saw in sawing machines. A substitute has been found in 
an adaptation of this nipping lever, and is commonly known 
as the tUentfeed. fi;. si. 

An arm a b (Fig. 79), centred ,r 

at c rides upon a saddle which 
rests upon the outer rim of a 
wheel ; a piece, e e, is attached 
to one end of the arm and admits 
of being pressed firmly against 
tbe inside of the rim of the ' 
wheel which carries the saddle. 

It is clear that when the 
end, B, of the arm, a c b, is 
polled to the right hand, the 
rim of the wheel will be grasped 
or nipped firmly between the saddle and tbe piece, e x, and 
that the pull in B D will move the saddle and wheel tc^ther, 
aa if they were made in one piece. When « u fM^&'\»!^ 
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Fig. 84. 



a stop prevents b c a from turning more than is sufficient 
to loosen the hold of e e, and the saddle slides upon the 
rim through a small space. 

In this manner the action of a ratchet wheel is imitated, 
and, bj properly regulating the amount of motion com- 
municated by the link b d, we obtain an equivalent for a 
ratchet wheel with an indefinite number of teeth. 

A screw, f, may be employed to bring up a stop, h, 
towards the arm, a c b, and thus to prevent the arm from 
twisting into the position which gives rise to the grip of 
E E. The saddle will then slide in both directions with- 
out imparting any motion to the wheel, a result which is 
obtained in an ordinary ratchet wheel by throwing the click 
off the teeth. 
62. As regards the action between the teeth and the de- 

tent, we observe that the 
wheel must tend to hold the 
detent down by the pressure 
which it exerts, and that it 
will do so as long as the line 
of pressure on the surface, 
p r, falls below the centre 
of motion d. (Fig. 84.) If 
the angle g r p were opened 
out much more, as shown 
in Fig. 2, the J_' upon p r 
might rise above d, and the 
detent would then fail to hold 
the wheel. 

Further, the click has to 
return by slipping over the 
points of the teeth ; the con- 
dition for this result is that 
the JL' to the surface q r shall fall between d and the centre 
of the wheel. 

Where very little force is required to hold the wheel, and 
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the exsct poeitioti is of cooseqaenc^, as in counting 
machineiT', the teeth may be pins, imd the detent may be a 
roller preesed against tbem bj & spring. 

63. Where the ratchet wheel moves at each vibration of 
the driver, and not during every alternate movement, an 
escapement, or something approxi- Fig. u. 
mating thereto, must be employed. 
The action now takes place alter- 
nately upon opposite sides of the 
wheeL (Fig. 85.) 

When A m, in the common recoil J 
escapement, moves to the lefi, it 
presses down the point of a tcoth ; 
when B N moves to the right, it 
presses np the point of another tooth, 
and each action advances the wheel 
in the same direction. 

It will be observed that this direction ia the opposite. 
to that in which the wheel revolves when driving the 
escapement. 

64. The same action resnlts were two clicks are hnng 
upon a vibrating bar, and one of them terminates in a 
hook. 

The btf, BC D(Fig. 86), p,, „. 

▼itmttes on c as a centre, and 
the pieces Q i>, p D, hang at the i 
extremity d. When p pushes 
on the wheel, D Q slips over a 
tooth I and when q is driving, 
the click p also passes over a 
tooth ; sad thus the wheel ad- 
vances upon each vibration of 
the moving arm. This con< 
trivance is due to Lagarousse. 
The hook may be replaced by a click, turned in the reverse 
direction, m in the annexed example, which is taken from 
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the specification of a patent plaoing macliine, where 
Piii.«7. it was intended 

that the cutter 
shonld act during 
each movement of 
the table. Here 
the levere which 
carry the clicks are 
moveable about 
centres at A and b, 
and are connected 
by a link, e f. 
(Fig. 87.) 
66. The con- 
verse of the contrivance described in Art 20 may also be 
used to convert reciprocating into circular motion ; that 
is to say, the bar may be employed to turn the screw 
barrel, instead of the screw driving the bar ; but such an 
arrangement gives rise to a great increase of friction, 
and is only met with when a small amount of force is to be 
exerted. There ia an instance in a light drill, where the 
Fi(, n. rotation is derived by pushing a nut up 

J "pi and down a rod, upon which a screw 

of rapid pitch is formed, the drill rotat- 
ing in opposite directions aa the nut 
^^_ rises and falls. 

H The movement was at one time pro- 

IP posed by Mr. Whitworth in order to 

obtain a reversing motion of the cutter 
^ in planing machinery. A rod, u o, (Fig. 
) was provided with a sort of tooth, 
V, which fitted exactly into a groove in 
the form of a screw thread traced upon 
the cylinder a b. As the rod moved up 
and down it reversed the position of the cutter, and enabled 
it to act while the table was moving in either direction. 
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ON THE TEETH OP WHEELS. 

66. We propose now to enter into a mathematical in- 
vestigation of the forms of teeth adapted for the transmission 
of motion or force in combinations of wheel-work, and we 
have already stated the general nature of the problem. 

It is required to shape the teeth or projections upon the 
edges of two circular discs in such a manner that the 
motion resulting from the mutual action of the teeth upon 
the discs shall be precisely the same as the rolling action 
of those definite circles known as the pitch circles of the 
discs in question. 

The various geometrical propositions which enable us to 
accomplish the solution of t)ie problem will be given in 
detail, and the practical application of these theorems will 
also be indicated as briefly as possible. 

67. When two circles roll to- 
gether, their angular velocities are 
inversely as the radii of the circles. 

Let the circles centred at a and b 
move by rolling through the cor- 
responding angles p b b and q a d. 
(Fig. 89.) 

Let A D = a, B D =ft, 

QAD = 0, PBD=0, 

Then QD = a0, PD = ft0, 
But QD = PD.', a0 = ft^ 

. e h 



Fig. 89. 



• • 



or 



^ a 

L "^ vel. of A __^h 

l_ ' vel. of B a 



which proves the proposition. 



F 2 





6« Buiizins or hechanisu. 

68. Let A ftnd b (Fig. 90) be the centres of motion of two 
pieces provided with teeth of some determinate form, and con- 

ceive that p is the point 
of contact of the teeth in 
question: draw p p Q, 
a common ±' to the 
touching cnrvea cutting 
' A B in K. Let p and Q 
be the centres of the 
circles of cnrvature of 
the cnrres which touch 
at p, and draw A. a, 
B B, X' to B Q. Then, 
in the first instant of 
motion, p maj be 
regarded as constant^ 

and the angular velocities of the two pieces will be identical 

with those of a p and b q. 
But by Art. (52) /.'veLof ap _ bj _ »■ 

Z, ' TeL of B Q ~ A B AS » 

/. ' Tol. of piece a bb 
'•"""^ i 'vel. of piece B = Ii 

Suppose it to be required that the angular velocities of 
the two pieces shall be the same as those of the pitch circles 
of radii A d, B i>. We must now form the curves so that b 
shall coincide with t^ and shall never leave it during the • 
motion ; in other words, the common peipendicuUr to the 
surfaces of any two teeth in contact mnat always pass 
through the point of contact of the two pitch circles. 

If the t«eth can be formed so as to satisfy this condition, 
the problem will be fully solved, and we proceed to give the 
solutions which have been devised by the ingenni^ of 
mathematicians. 

69. Def. An epicycloid is a curve traced out by a point, 
r, in the circumference of one circle, which rolls upon the 
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convex arc of another circle. This curve is represented by 
the dotted line in Figure 91. 

Fig. 91. 

Fig. 92. 





Def. A hypocjcloid is a curve traced out by a point, p, 
in the circumference of one circle, which rolls upon the 
concave arc of another*circle. This curve is represented bj 
the dotted line in Figure 92. 

70. Let now the same circle roll upon the outside of the 
circle a and the inside of the circle b ; bring the circles 
together till the two curves and ^^- ®^« 

the circles also touch, as in Fig. 
93, and it will be found that the 
common perpendicular at the 
point of contact of the curves 
passes through d. 

The truth of this statement is 
evident from the consideration 
that when the curves touch, the 
describing circle may be taken 
as being ready to generate either 
the one curve or the other ; now 
the describing circle cannot do 
this unless it be resting on both circumferences indifferently, 
i. e. unless 6 d = o d, and the common perpendicular to the 
curvet at p passes through the point d. 
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71. We have now obtained two carves which satisfy the 
geometrical requirements of the problem, and it remains 

to put our theory into prac- 
tice. 

The epicycloid and hy- 
pocycloid which form the 
acting surfaces of two teeth 
must be produced by one 
and the same describing 
circle. 

Let A and b be the two 
pitch circles. (Fig. 94.) 
Take a circle of any con- 
venient size less than either 
A or B, and call it g : with 
o describe an epicycloid 
upon A and a hypocycloid 
upon B; let these curves 
determine the acting sur- 
faces a p, 5 p, of two teeth 
in contact at p; then the 
tooth a p will press against 
6 p so that the perpendi- 
cular to the surfaces in con- 
tact at p shall pass through 
D^ and the relative angular 
velocities of two pieces 
centred at a and b, and furnished with these teeth, will be 
the same as those of the two pitch circles. 

As far as we have gone we have described the point of 
a tooth upon a and the flank of one upon b, and have sup- 
posed A to drive b. If the conditions were reversed, and b 
were to drive a, we should again have to obtain from one 
describing circle the curves suitable for the point of a tooth 
upon B and the flank of one upon a. This describing circle 
10 not neceaaarilj ol the same size as the former one, but it 




lA 



TEETH OF WHEELS. 



ri 



is very advantageous to make it so, and we shall therefore 
assume that the teeth upon a and b are formed by the same 
describing circle. 

72. To complete the form of the teeth so that either a or 
B may drive, the construction is the following : 

Let the describing circle g (Fig. 95) trace p q, s r upon 
A, and p q^ s r upon b. Then p Q determines the form of 

Fig. 9&. 




all the points of the teeth upon a, and s r that of the flanks, 
and in the same way p q and s r together make the point 
and flank of a tooth upon b. 

73. There are two particular cases of the above solution 
yet to be examined. ^*«" ^• 

When the diameter of the circle 
which describes a hypocycloid is 
taken equal to the radius of the 
circle within which it rolls, the 
curve becomes a straight line. 

Let c (Fig. 96) be the centre of 
the describing circle at any time, 
and p the corresponding position of 
the describing point 

Suppose that p begins to move from e, so that the arc p Q 
may be equal to the arc e q. 
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Join CP, ae; let aeq =: 0, poQsb^ 

Then p q : 
or c Q X ^ : 



: EQ 
:AB X 

Bat A E = 2 c Q /• ^ = 2 0. 



Now ^ cannot be equal to 2 unless p coincides with b 
in the line A e; in which case the diameter ead is the 
path of p. 

74. It will be remembered that the hjpocjcloid determines 
the flank of the tooth upon either wheel : if, therefore, the 
radius of the circle describing the hjpocjcloid be taken in 
each case to be half that of the corresponding pitch circle, 
the teeth will have straight, or radial flanks, as thej are 
commonly called. 

The method of setting out the teeth is the following : — 
Fig. 97. Let A and b be the centres 

of two pitch circles which 
touch in the point D. (Fig. 97.) 
Let a circle, f, whose diame- 
ter is equid to b d, roll upon 
the circle a, and generate the 
epicycloid q p; this curve 
determines the form of the 
driving surface of the teeth to 
be placed upon a. 

Let a circle, o, whose diame- 
ter is equal to a d, roll upon 
the circle b, and generate the 
epicycloid qpi this curve de- 
termines the driving surface of 
the teeth to be placed upon b. 
Here of neceafiity the describing circle is not of the 
same size when tracing out the points of the teeth upon 
A and B; but, by reason that the same circle gives the 
point upon a and the flank upon b, the condition in 
Art 68 is still fulfiUed. 
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75. In eacb ca§e the flanks of the teeth ue ■traight lines 
pointing to the centres of the pitch circles : the form of the 
teeth is gives is the annexed sketch. (Fig. 98.) 




76. If we tnce the changes in form of the hypocycloid, 
IB the describing circle increases in size till it becomes 




eqaal to that of the circle within which it is supposed. 
to roll, we shall find that the cnrre gradually opens out 
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into a straight line (Fig. 99) : that it then closes up again, 
and finally degenerates to a point. (Fig. 100.) 



Fig. 100. 





It will also appear that the same hTpocycloid is generated 

bj each of the circles a and b, which are so related that the 

sum of their diameters is eqaal to the diameter of the circle 

in which thej roll. 

77. The second particular case of the general solution 

Fig. 101. occurs when the hypocjcloid 

degenerates to a point; we 
then obtain a wheel with pins 
in the place of teeth, and de* 
rive a form which is exten- 
sively used in clockwork. 

The pin must have some 
sensible diameter, but we will 
first suppose it to be a mathe- 
matical point. 

We have jast seen that 
when the hjpocjcloid be- 
comes a point, the describing 
circle must be equal to that 
within which it is supposed 
to roll. As before, let a and b 
be the centres of the two pitch 
circles touching in the point d. 
(Fig. 101.) 
Let a circle, f, equal to b, 
foU upon the circle a, and generate the epicycloid p q. 




TEETH OF WHEELS. 



75 



This curve will determine the acting surface of the teeth 
to be placed upon a: and here again the condition in 
Art 68 is fulfiUed. 

78. To take into account the size of the pin, we proceed 
thus : 

Let Q p (Fig. 102) repre- Fig. loa. 

sent the acting surface of a 
tooth which drives before it 
a pointy p. 

Make p the centre of a 
circle equal to the size of the 
pin : suppose this circle to 
travel along p q, having its 
centre always in the curve ; 
remove as much of the tooth 
as the circle intercepts, and 
the remainder will give the 
form of the working teeth. 

We shall presently find 
that in practice the pins are 
always placed upon the 
driven wheel. 

79. Another solution is derived from a property of the 
involute of a circle. 

This curve is generated by a 
describing point, p, at the end of a 
string, p Q, which is kept stretched, 
and is unwound from the cir- 
cumference of a circle. (Fig. 103.) 

From the mode of generation 
it is quite evident that the tan- 
gent at any point, p, of the curve 
is J.' to p Q, the string in any 
position, and we proceed to show 
that this form of curve fulfils in a very simple manner the 
requirements of Art 68. 
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Let the involutes of two circles of any size be fonned, 
and let them be broaght into contact, as in Figure 104. 

Fig. 104. The common tangent at p 

must be perpendicular to both 
p Q and p By or Q p b must be a 
straight line. 

Now Q p B is a common tan- 
gent to the two circles, and will 
therefore cut the line of centres, 
A B, in a fixed point, d; but 
Q p B is also a common ±,^ to the 
surfaces of the two teeth ; hence 
the condition in Art 68 is satis- 
fied, and the pieces fitted with 
involutes of circles will move 
as if the circle of radius ad, 
were to roll upon the circle of 
radius b d. 
80. In constructing teeth upon this principle a great 

^K- >06- latitude is introduced 

from the circum- 
stance that A D and 
B D aiaj remain con- 
slant while A B and 
B Q have different 
values. (Fig. 105.) 
But after values 
have been assigned 
to AD and BD, we pro- 
ceed to select some 
angle, b d a, at which 
to draw the line b g^ 
and the perpendicu- 
lars A b, b Q wiU then 
give the circles whose 
involutes determine the form of the teeth upon a and b. 
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In teeth of ibis kind there b no difference in shape be- 
tween the point and the flank. 

81. It remains to apply the abore solutions to the cases 
where a pinion drives a rack, or conversely. 

In this case one of the pitch circles becomes a straight 
line, or has an infinite radius, and the curve which is traced 
out by a point, p, in a circle rolling upon it, is called a 
cycloid, and is given in Figure 106. 

Fig. 106. 




Fig. 107. 



The solution in Art 71 is so far modified that the teeth 
in the rack are formed by cycloids, those in the pinion being 
the same as before. 

The solution in Art. 74 becomes more altered in cha- 
racter ; for here the describing circle which generates the 
carve of the teeth suitable for the acting surfaces upon the 
rack is also infinite. 

Beferring to Art 74, the circle f, rolling upon a straight 
line, generates a cycloid 
and gives the form 
of the driving sur- 
faces of the teeth upon 
the rack: the circle G 
becomes infinite, and e p 
changes to a straight 
line. The changes which 
Fig. 97 undergoes being 
exhibited in Fig. 107, it 
is very apparent that the 
curve q p passes into the involute of a circle, or that the 
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driving sarfaces of the teeth upon the pinion become the 
involutes of a circle. 

The form of the teeth in the rack and pinion is shown in 
Figure 108, the flanks in each case being straight lines. 

Fig. 108. 





Fig. 110. 




82. The solution in Art. 77 changes as follows : 

Fig. 109. Let the circle a become 

infinite ; then the curve, p q, 
passes into a cycloid ; so that 
the teeth upon the rack are 
cycloidal, as in Fig. 109. 

Here Ithe rack drives the 
pinion, but it may happen that 
the pinion drives the rack. 

Now the pins are always to 
be placed upon the follower 
and not upon the driver, and 
as a consequence the circle b, 
in Fig. 101, becomes infinite, 
c p changes to a straight line, 
and p Q to the involute of a 
circle. 

The annexed sketch (Fig. 110) gives the result of the 
proposition, and shows the pinion driving the rack. 

The solution in Art. 79 changes if the circle a becomes in* 
finite; in that case the involute of the infinite circle of radius 
AB is a straight J.*^ to its circumference, or J.** Q d. Hence 
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the teeth of the rack are straight lines ±>^ to the direction 

of Q D. The direction of d q is arbitrary ; but when it 

has once been as- 

samed, the radius 

B Q will be deter* 

mined, and the in* 

volute teeth can be 

formed upon b^ the 

teeth of the rack 

being straight lines 

inclined to the pitch 

line at an angle b d q. (Fig. 111.) 

83. There are now sundry general points for consideration. 
We may inquire, where does the action of two teeth begin, 
and where does it leave off? Fig. 112. 

Referring to the solution in 
Art 71, we observe that if the 
motion take place in the direc- 
tion of the arrows, and the de- 
scribing circle be placed so as 
to touch either pitch circle in d, 
the contact of two teeth com- 
mences somewhere in a d, travels 
along the arc aD^, and ceases 
somewhere in d b. 

Since a d (Fig. 112) lies en- 
tirely without the pitch circle b, 
it is clear that the action in a d 
is due solely to the fact that the 
teeth upon b project beyond the 
pitch circle b, and similarly that the action in d 6 depends 
upon the projections or points of the teeth upon a. 

It is further evident that the greater the number of teeth 
upon the wheels, the closer is their resemblance to the 
original pitch circles, and the more nearly their action is 
confined to the neighbourhood of the point d. 
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Bj properly adjusting the amount to which the teeth are 
allowed to project beyond the pitch circles, and also their 
numbers, we can assign any given proportion between the 
arcs of contact of the teeth upon either side of the line 

A D B. 

Where the teeth upon b are pins, there is comparativelj 
Tcry little action before the line of centres, and there would 
be none at all if the pins could be reduced to mere points, 
as in that case there would be nothing projecting beyond 
the pitch circle b. 

84. It wiU be proved when we treat of rolling curves 
that the surface of one tooth must always slide upon that 
of another in contact with it, except at the moment when 
the point of contact is passing the line of centres. 

This matter should be well understood, the teeth are 
perpetually rubbing and grinding against each other ; we 
cannot prevent their doing so ; our rules only enable us so 
to shape the acting surfaces that the pitch circles shall roll 
upon each other. 

Nothing has been said about the teeth rolling upon each 
other ; it is the pitch circles that roll ; the teeth themselves 
slide and rub during every part of the action which takes 
place out of the line of centres. 

Since, then^ the friction of the teeth is unavoidable^ it 
only remains to reduce it as much as possible, which will be 
effected by keeping the arc of action of two teeth within 
reasonable limits. 

Generally, the friction before a tooth passes the line of 
centres, is more injurious than that which occurs afler the 
tooth has passed the same line : the difference between draw- 
ing a walking-stick along the ground after you and pushing 
it before you, is given by Mr. Denison as an illustration of 
the difference between the friction before and after the line 
of centres ; but this difference is less appreciable when the 
arc of contact is not excessive. 

Where a wheel drives another furnished with pins instead 
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of teeth, the friction nearly all occurs after the line of 
centres ; hence such pin wheels are very suitable for the 
pinions in clockwork. ^ig, 113. 

There is a very old form of the 
pin wheel, called a lantern pinion, 
which is shown in the diagram 
(Fig. 113), and which possesses 
the merit of great strength and dura* 
bility. 

85. Again, since the line d p in Art. 70 is a JL>^ to the 
surfaces in contact at p, it follows that the more nearly d p 
remains JL' a d b, the less will be the loss of force trans- 
mitted between the wheels. 

Here we have an additional reason for keeping the arc of 
contact as close as possible to the point d ; there is a sensible 
loss of power as soon as the line d p differs appreciably from 
the direction X' to ▲ b. 

It is on this account that involute teeth are not used in 
machinery calculated to transmit great force : the line p d q 
in Art. 79 is always inclined to the line ▲ d b at a sensible 
angle, and a direct and useless strain upon the bearings of 
the wheels is the result. 

86. Ajb regards the strength of the teeth, we remark that 

Fig. 114. 




this quality is influenced by the size of the deacribuL^cvtd^ 
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If the diameter of the describing circle be less than, 
equal to, or greater than the radius of the pitch circle, we 
shall have the flanks as shown in the sectors a, 6, c of the 
sketch. (Fig. 114.) 

It is evident that a small describing circle makes the 
teeth strong, and that it would be unwise to have them 
weaker than they are with radial flanks. The form of in- 
volute teeth being somewhat similar to that of a wedge, the 
teeth of this character are usually abundantly strong. 

87. In combinations of wheel-work, the accurate position 
of the centres must be strictly preserved ; all the solutions 
given above, with one exception, entirely fail if there be 
any error in centreing the wheels ; they are totally vitiated 
if anything arises to deprive them of their geometrical 
accuracy. The exception occurs with involute teeth : the 
position of the centres determines the sum of the radii of 
the pitch circles, and the wheels will work accurately as 
long as the teeth are in contact at all. 

We see too that teeth with radial flanks are not suitable 
for a set of change wheels ; the describing circles are derived 
from some given pair of pitch circles, and cannot be adapted 
to a different pair. 

Where, however, the solution in Art. 71 is employed, the 
describing circle may be made the same for any number of 
pitch circles, and in that case any pair of wheels will work 
truly together. 

88. The teeth upon bevil wheels are formed by a method 
due to Tredgold. 

Let FEDH, KEDL (Fig. 116), represent the frustra of 
two right cones, whose axes meet in c, and which are 
therefore capable of rolling upon each other. 

Let it be required to construct teeth upon two bevil 
wheels which shall move each other just as these cones 
move by rolling contact. 

Draw A D B perpendicular to d e, meeting the axes of the 
cones in the points A and b. 
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Suppose the conical surfaces, h a d, b d l, to have a real 
existence, and to be flattened out into the circular segments 

Fig. 115. 




B, D s ; these segments will roll upon each other just as 
the circular base h d rolls upon the circular base d l. 

Hence these segments will serve as pitch circles, upon 
which teeth may be constructed by the previous rules : such 
teeth may be formed upon a thin strip of metal, and their 
outline can then be traced upon the surface of the cone 
terminating in a. 

Similarly, if 6 £ a be drawn JL' to e d, the circle of radius 
A <f = E a will be the pitch circle for the teeth upon the 
conical surface e a f ; the teeth will taper from d to e, and 
the intermediate form will be determined by a straight line 
moving parallel to itself, and originally passing through the 
points D and e. 

G 2 
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CHAPTER IV. 

ON THE USB OF WHEELS IN TRAINS. 

89. When a train of wheels is employed in mechanism, the 
usual arrangement is that exhibited in Figure 116, where 



Fig. 116. 




two wheels of unequal size are placed upon every axis 
except the first and last. 

Let A be the driver, l the extreme follower, and conceive 
that L makes (e) revolutions while A makes one revolution ; 

number of revolutions of l in a given time 
number of revolutions of a in the same time 

It will be convenient to distinguish (e) as the value of the 
train, and the ratio which it represents may be at once 
found when the numbers of teeth upon the respective wheels 
are ascertained. 

Let A, B, c, D, &c., represent the numbers of teeth upon 
the respective wheels : the condition of rolling gives 
number of revolutions of b in a given time A 

number of revolutions of a in the same time b ' 

and similarly for each pair of wheels : 

A c E Q K 

/. tf= — X — V — X «c. ... -. 

B D ^ F L 
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We maj freqaentlj find it very convenient to regard (e) 
as positiye or negative according as a and l revolve in the 
same or in opposite directions. 

The comparative rotation of wheels is estimated in 
various ways, thus : 

Let K, n be the numbers of teeth upon two wheels. 
B, r their radii. 

p, p their periods of revolution, 
z, X the number of revolutions made by each wheel 
in the same given time. 
It is easy to see that 

Cot. a belt and a pair of pulleys supply a mechanical 
equivalent for two working wheels : the belt may be open or 
crossed, and in either case 

the number of revolutions of b in a given time 
the number of revolutions of ▲ in the same time 

diameter of a 

diameter of b* 

The crossing of the belt merely reverses the direction of 
one of the pulleys. 

Ex. Suppose that we have a train of five axes, and 
that 

1. A wheel of 96 drives a pinion of 8. 

2. The second axis makes a revolution in 12 seconds, and 
the third axis in 5 seconds. 

8. The third axis drives the fourth by a belt and a pair 
of pulleys of radii 20 and 6 inches. 

4. The fourth axis goes round twice while the fifth goes 
round three times. 

^ 96 12 20 3 ... 

Heree=— x^ x-^x ^=IU 

or the last axis makes 144 revolutions while the first axis 
goes round once. 
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90. It is very obvious that a wheel and pinion upon the 
same axis is a combination equivalent to a lever with un- 
equal arms, and modifies the force which maj be transmitted 
through it, and, further, that a single wheel is equivalent 
to a lever with equal arms, and produces no modification in 
the force which may pass through it. 

So, therefore, when any number of wheels are in gear, 
as in Fig. 117, they are equivalent to a single pair of 
wheels, viz. the first a, and the last l ; the intermediate 
wheels act as carriers only, and transfer the motion through 
the intervening space. 

Fig. 117. 




This also appears from the formula, where we find that 



A B c^ K 

^~" i^ ^ D ^ '•' L 



A 

— • 

L 



which is the same result as if A and l were alone concerned 
in the movement* 

91. If, however, a single wheel, b, be interposed between 
two other wheels a and l, although b will not modify the 
force transmitted, nor alter the velocity, it may be useful 
in changing the direction in which l would otherwise 
revolve. An intermediate wheel so introduced is technically 
called an idle wheel, and we give an instance of its use for 
this particular purpose. 

92. The Blanchard turning-lathe, of which a portion is 
shown in Fig. 118, is used for shaping the spokes of wheels, 
gun-stocks, shoe-lasts, and other objects of an irregular 
form. 

It consists of two lathes, side by side^ and parallel to 
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each other, the one containing the pattern, and the other a 
piece of wood out of which the article is to be formed. 
The pattern, f, of a spoke, for example, is made of iron of 
the exact size and shape required, and revolves slowly with 
the wheel, ▲ ; the motion of a is then carried on bj the 
idle wheel, b, to a third wheel, c, of the same size as a, 

Fig. IIR. 




upon the axis of which is the unfinished spoke, and the 
function of this intermediate wheel is to cause the material 
to revolve in the same direction, and at the same rate as the 
pattern. A sliding frame, k, carries a tracing wheel, i, with 
a blunt edge, which is kept pressed against the pattern bj 
a weight or spring, and also contains the cutters, h, which 
are driven at a speed of about 2,000 revolutions per 
minute by an independent strap. 

The circle described by the extremities of the cutters is 
precisely the same size as the circle of the tracer, and it 
follows that the exact form which the tracer feels, as it 
were, upon the pattern, will be reproduced by the whirling 
of the cutters against the material, G, and that the spoke 
may be completed by giving a slow motion to the frame, h, 
in a direction parallel to the axis of the wheel, A. Some- 
times the tracer and cutters are mounted upon a rocking 
frame, instead of upon a slide-rest, but the principle of the 
machine is not changed thereby. 
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93. An intermediate wheel maj also be nsefal when two 
Fig. 119. parallel axes are so close together 

that there is not space for the ordinary 
spur wheels. In such a case the 
axes A and c may be connected bj a 
third wheel, b, and will of course 
revolve in the same direction. 

The wheel, b, is elongated so as to 
gear with both a and c, and is called 
a Marlborough wheel, (Fig. 119.) 

94. In designing toothed wheels, the following very simple 
equation connects the diameter of the pitch circle with the 
number of teeth and their pitch. 

Let D be the diameter of the pitch circle in inches, 
p the pitch of a tooth in inches, 
n the number of teeth upon the wheel. 

Then n . p = circumference of pitch circle = w d, 

22 
where v = 3*14159, or = y approximately. 




Hence n = •- -^ 

p 
or D =— •**• 



In order to save trouble, definite values are assigned to p, 
such as J, f, i, t, |, f , 1, 1^, 1 J, li, 2, 2^, &c., and the 



TT P 



values of - - are calculated and registered in a table. 



p»» 



Thus, let p = 2^ inches, we find in the table that 



- = 1-2566 and - = -7958. 

P IT 



Suppose a wheel of 88 teeth, and 2^ inch pitch, to be 
in course of construction, and that we require to know the 
diameter of the pitch circle. 



p 



= -7958 X 88 = 70 03 inches. 
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Or, again, if the diameter of the pitch circle be 70 inches, 
and the number of teeth of 2^ inch pitch be required. 



= 1-2 



( 70 = 87-96 



=e 88 very nearly. 

In practice it is more easy to treat of the enbdivision of a 

straight line than of the circumference of a circle, and it is 

the custom therefore to suppose the diameter of the pitch 

circle to be divided into as many equal parts as there are 

teeth upon the wheel, and to designate - as the diametral 

pitch in contradistinction to F, the circular pilch. 

Further, let - =— where m is a whole number, 

D P 1 P jr 

now — = -.■.— = -• or F = ^ — 

The values of m and ~ are registered in a table, of which 
a portion is given, and the circular pitch can be at once 



Values of m 


3 


4 
■785 


5 

■628 

1 


6 
■524 


7 

■449 
tV 


8 
393 

f 


9 
•349 


10 
314 


12 
i 


Values of p 
orapproiimalely 


1047 
1 



Thna, let d = 8 inches, n = 80, 
D _ 8^_ 1_ 
5 ~ 80 - 10 
Hence F = '314 = -^ inch. 
95. A common eight-day clock affords a familiar illustra- 
tion of the employment of a train of wheels. 
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Figure 120 represents the disposition of the wheel work 
in a clock of this character, and the various wheels are 
named in the sketch. 

The great wheel turns round once in 12 hours, and may 
have 96 teeth : if then it engage with a pinion of 8 teeth on 
the axis or arbor of the centre wheel, this pinion will turn 
12 times while the great wheel turns once, and is capable 
of carrying the minute hand. 

Suppose the pendulum to swing 60 times in a minute, or 
to be a seconds pendulum, the scape wheel may have 30 
teeth, and will be required to turn once in a minute. 

Hence the value of the train from the centre to the scape 
wheel should be 60 ; if the pinions on the axes of the second 
and scape wheels have each 8 teeth, the centre and second 

Fig. jjo, wheels may have 64 

and 60 teeth: in 
such a case 




64 X 60 



e = 



= 60. 



8x8 

In order that the 
clock may go for 8 
days, the great wheel 
must be capable of 
turning 16 times be- 
fore the maintaining 
power is exhausted. 
In a watch the 
balance wheel, which 
performs the func- 
tion of a pendulum, 
makes at least 120 
vibrations in a mi- 
nute, and it is there- 
fore desirable to in- 
troduce an additional wheel and pinion into the train. 



WEIGHT 
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96. The Screio.ctttting Lathe U constructed upon the 
foUowing principle : — 

A B and. c D (Fig- 121) are two parallel axes ; a screw 
thread of a certain pitch ia formed upon C o, and the slide 
rest, which carries the cutting tool, derives its motion from 
a nut placed upon C D. fib. hi. 

In the figure we 4 b 

suppose the nut n to '— 
carrj a pointer, f, 
which ma; trace a 
screw thread upon 

'tvuninTTT— I 



Upon each Tevolu- 
tion of c D the nut advances through a space equal to the 
pitch of the screw ; if a b also revolve at the same rate 




direction, the point p will describe 
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upon A B a screw thread exactly similar to that upon c d ; 
if A B revolve more or less rapidly than c d, the pitch of 
the screw upon a b will be less or greater than that 
upon c D. 

Generally, if a b make (m) revolutions for (n) revolu- 
tions of c D, 

pitch of screw on a b n 

- — - • 

pitch of screw on c d m 

The axes a b, c d are connected by a train of wheels, as 
shown in the diagram on page 91. (Fig. 122.) 

Let E, F, K, H represent the numbers of the teeth upon the 
wheels so distinguished ; 

E X K 

Then (e) the value of the train = 

^ ^ F X H 

pitch of screw upon A B e x k 
• • pitch of screw upon CD p x h' 

A series of change wheels is furnished with a lathe, 
and a table indicates the wheels required for cutting a 
screw of any given number of threads to the inch. The 
screw upon c d having two threads in an inch, the numbers 
of teeth to be assigned to e, f, h, k are given in the table 
of which a specimen is subjoined. 



No. of Threads 
per Inch. 


B 


p 


K 


H 


12 


90 


90 


20 


120 


12f 


60 


85 


20 


90 


13 


90 


90 


20 


130 


m 


60 


90 


20 


90 


13J 


80 


100 


20 


110 


14 


90 


90 


20 


140 



£x. Let the pitch of the screw upon c d be ^ an inch, 
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ftod let it be required to cut h screw of ^j inch pitch upon 
A B, or ft screw with 13 threads to the inch. 

Here « = r^ 
which is satisfied in the following manner : — 
E X K _ 90 X 20 
p X H ~ 130 X 90 
The gaiding screw being right-handed, the above ar- 
rangement is suitable for cutting right-handed screws. 

To cut a left-handed screw it is essential that a b and c d 
shall revolve in opposite directions. 

Now A B rcTolves with the mandril of the lathe, and 
therefore the di- 
rection of the ro- 
tation of c D must 
be reversed ; this 
is effected bj in- i 
terposing an idle 
wheel between h 
and K, which re- 
verses the motion 
of the guide screw, 
c D, and makes the 
nut travel in the 
reverse direction. 
There is a double 
slot or groove up- 
on the arm which 
carries k, in order 
to allow the ad- 
justment of this 
idle wheel 

97. The con- 
trivance sketched 
in Fig. 123 is found in ever; large lathe, and is useful in 
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Other mBchinery where it is required to obtain increated 
power or a. diminished speed. It enables the mechanic to 
change from a higher to a lower velocity, and gives another 
simple example of the use of wheels in trains. 

A B is a shaft overhead, provided with a cone pulley, 
E, and fast and loose pulleys at c, d, to receive the power 
from the engine: a cone pulley f, similar to e, is fitted on 
the spindle of the lathe, and rides loose upon it ; to this 
cone is attached a pinion G, which drives a wheel h, and 
so the motion is communicated by the pinion K, to the 
wheel L, which is fastened to the mandril of the tathe, 
and turns with it. The result is that the wheel l re- 
volves much more slowly than the cone pulley p, and that 
the speed of the mandril is reduced by the multiplier 

Flg.ltt. G X K , 

— - — — , where g, e, h, 

J. represent the num- 
bers of teeth upon these 
wheels respectively. 

Where the lathe is 
worked at ordinary 
Epecds, the wheels H 
and s are pushed out 
of gear in the manner 
shown in Fig. 124, and 
the cone pulley, t, is 
fastened to l by a pin, 
which can be removed 
when the slow motjon is in operation. 

98. It may be that the arrangement just examined has 
been borrowed from the watchmakers, for it is precisely 
the same as that employed to convey the motion from the 
minute to the hour hand of a watch or clock. 

In a clock the minute hand is fastened to the arbor or 
axis of the centre wheel, and the hour hand is attached 
to a pipe which fits upon this axis, and derives its motion 
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from the minute hand ; it is essential therefore to connect 
the pipe and axis bj a train of wheels which will reduce the 
velocitj in the ratio of 1 to 12. 

Fig. 125. 



HOUR. HAND 




The drawing (Fig. 125) is taken from a small clock, and 
represents the train of wheels employed. The pinion k, 
attached to the axis of the minute hand, drives h, whence 
the motion passes through o to l, and thus to the hour 
Land, which is fastened to the pipe on which l is fitted, 
and which corresponds to the mandril of the lathe. The 
Talue of e in the trai^ is given by the equation 

__ K X G _ 28 X 8 __ I 
^ "■ H X L "■ 42 X 64 "■ 12' 

99. The problem of connecting two axes by a suitable 
intermediate train of wheels may in some cases prove ex- 
tremely troublesome, and may demand a considerable amount 
of arithmetical ingenuity. 

The value of e being assigned as a fraction, the only thing 
to be done is to resolve the numerator and denominator into 
their prime factors, and then to compose the best train 
which may suggest itself. 

If any of the factors appear unmanageably large, we may 
approximate to the value of e by continued fractions, and 
seek other factors which present less difficulty. If the value 
of e be an integer, it must still be split up into factors, and 
be further multiplied and divided by the numbers of teeth 
in each pinion. 
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Thus, suppose that two axes are to be connected whereof 
one revolves in 24 hours, and the other in 365 days 5 hours 
48 minutes 48 seconds, as in Mr. Pearson's orrery, 

Since 24 hours = 86400 seconds, 
and 365 days 5 hrs. 48 min. 48 sec. = 31556928 seconds, 

31556928 



• • 



e = 



86400 

164359 
450 

269 X 47 



X 13 



" 10 X 9 X 5 

Here 269 is an inconveniently large number, and 5 is 
certainly too smalL 

The wheel of 269 teeth cannot be got rid of without 
altering the entire ratio, but the pinions of 9 and 5 teeth 
may be changed into others of 18 and 10 teeth. 

^ ^ 269 X 26 X 94 

Thus we have e = ^q x 10 x 18 ' 

Those who have approximated to 6 by an algebraical 
process have derived the fraction 

94963 _ 11 X 89 X 97 

260 ■" 4 X 5 X 13 

_ 44 X 89 X 97 

"" 8 X 10 X 13 

which avoids the high number 269, and corresponds to a 
period of 365 days 5 hours 48 min. 55*38 sec. 
If 6 be an integer, as 720 for example, 

e = 10 X 9 X 8 

_ 80 X 72 X 64 
■" 8 X 8 X 8 

which gives a probable solution for the train. 

It is also a matter of inquiry to ascertain the smallest 
number of axes concerned in the transmission of any 
required motion. 
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The smallest number of teeth which are to be allowed 
upon a pinion must be given, as well as the largest number 
to be allowed upon any wheeL 

Suppose that no pinion is to have less than 6 teeth, and 
no wheel more than 60, and let us trace the values of e. 

With two axes « = "?" =10. 

If the numerator be diminished, or the denominator be 
increased, the resulting value of e is lessened, or^ in other 
words, 10 is the greatest possible value of e when two axes 
are employed. 

With three axes the greatest value of e is -75 tt- or 

0x0 

100, and with four axes it is 1000, and so on. 

Let e have some value between 10 and 100, we now find 

that three axes will suffice, and that each wheel must have 

less than 60 teeth in order to reduce e from 100 to 60. 

48 45 

Thu8e=^ X ■6=60- 

365 
Again, let e= -^ =. 121§, and suppose 180 and 12 to 

be the limiting numbers of teeth upon a wheel and pinion 
respectively, in the train which is about to be composed. 

Then ^ = 15 

^ 180 180 _^ ,^ ^^_ 
and -j^ X jg- = 15 X 15 = 225. 

Now 121f is less than 225, and therefore three axes will 
suffice, as in the train represented by 

_ 180 ^ 146 
^■"18"^ 12 
Grenerally, let p be the least number of teeth upon a 
pinion, tr the greatest number upon a wheel, x the number 
of fractions in c, then the greatest possible value of e will 

be given by the equation 

H 
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e 



= (j) 



whence log = 0; (log vif — log p) 

/.ar=:_J2Li_ 
log w — log p 

X will probably be a fraction, in which case the next in- 
teger greater than a; + 1 will represent the required number 
of axes. 



Ex. 



Lete = -??^w= 180,p = 12, 



3 
.-.-^=15 



. log365— log_3 



= 1 + a fraction. 

Now the integer next greater than a; + 1 is 3, or 3 axes 
will be required. 

We observe that it is not necessary to find the actual 
value of Xy but simply to ascertain the integer next greater 
than it. 

Next let a wheel of A teeth drive one of b teeth where 

A is greater than b, and let — =-t- ^^ lowest terms. 

1. Let it be required to bring the same teeth into contact 
(U often as possible. 

Since this contact occurs after b revolutions of a or a re- 
volutions of B, we shall effect our object by making a and b 
as small as possible, that is, by proyiding that A and b shall 
have a large common measure. 

Ex. Let A == 72, B = 24, 

then ?=-I?=l 

b 24: I 

or the same pair of teeth will be in contact after three 
revolutions of b, or one reyolution of a. 

2. Let it be required to bring the same teeth into contact 
oi seldom as possible. 
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Here we must trj and prevent a and b from having any 
common measare at all. 

Ex. As before, let a = 72, b = 24, 

Now change A to 73, and we shall still have - = 3 very 

B 

nearly, or the relative angular velocity of a and b will be 
scarcely distinguishable from what it was originally. But 

the alteration will effect what we require, for now - = --^ 

^ ' B 24 

which is a fraction in its lowest terms ; there will therefore 
be a contact of the same pair of teeth only after 73 revo- 
lutions of B, or 24 revolutions of a. 

The insertion of a tooth in this manner was an old con- 
trivance of millwrights to prevent the same pair of teeth 
from meeting too often, and was supposed to ensure greater 
regularity in the wear of the wheels; the tooth inserted was 
called a hunting cog. 

The clockmakers, on the contrary, appear to have adopted 
the opposite principle. 

Finally, we would remind the reader that everything 
which we have said here about wheels in trains is true, 
whatever be the directions of their axes ; we only care to 
know the relative sizes of the pitch circles, and the direc- 
tions in which they turn ; any part of the train may be 
composed of beml wheels without affecting our results. 
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CHAPTER V. 



▲QOREOATB MOTION. 



100. We have seen that eyerj case of the curvilinear 
motion of a point is of a compound character, resulting from 
the superposition of two or more rectilinear motions. 

It often happens in machinery that some revolving wheel 
or moving piece becomes the recipient of more than one in- 
dependent motion, and that such different movements are 
concentrated upon it at the same instant of time. 

The motion is then of a compound or aggregate character, 
and we propose to classify under the head of Aggregate 
Motion a large variety of useful contrivances. 

We may commence with two or three very simple ex- 
amples. 

The well-known frame called Lazy Tongs is a contriv- 
ance depending upon aggregate motion. 

The rapid advance 
of the ends ▲ and b is 
due to the fact that 
these points are the 
recipients of the sum 
of the resolved parts 
of the circular motion which takes place at each angle. 

101. The differential screw is another instance, and is a 
favourite with writers on mechanics, inasmuch as it gives 
theoretically a mode of obtaining an enormous pressure by 
the action of a comparatively small force. 

It is constructed upon the following principle: two screw 
threads of different degrees of inclination are formed upon 
the same spindle a b (Fig. 127), the spindle itself passing 



Fig. 196. 
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through two nuts whereof one, e, is part of a solid frame ; 
and the other, d, can slide in a groove along the frame. 
Let p Q, represent the pitches of the screws at e and d; 



Fig. 127. 



Fig. 138. 
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then upon turning a b once the nut d is carried forward 
through a space p, and is brought back again through a 
space Q; it therefore advances through the difference of 
these intervals. 

There is a form of the differential screw described in the 
fifteenth volume of the * Philosophical Transactions/ which 
is known as Hunter's Screw. Here one screw is a hollow 
tube acting as a nut for the second screw in the manner 
shewn in Fig. 128 ; the smaller screw is attached to a piece 
D sliding in the frame, and is not allowed to rotate ; upon 
turning the screwed pipe A b, the piece d will move through 
a space equal to the difference of the pitches of the two 
screw threads. 

If one screw thread were right-handed and the other 
left-handed, the nut would travel through a space, p -H Q* 
upon each revolution. 

A right and left- Fig. 129. 

handed screw are 
often used in com- 
bination, for the 
purpose of bringing 
two pieces together. 
There is a very 
common instance 
in the coupling 
which connects two 
railway carriages. (Fig. 129.) Upon turning tb:^ vtol 
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A. B, the screws which &re moved by it bring the nnts 
E snd F at the ends of the coupling links closer together, 
or caoae them to separate. This is obviously a most con- 
venient aiTBngement 

102. Another contrivance for lifting heavy weights by a 
small expenditure of power is the Chineie Windiau. 




Here a rope ia coiled in opposite directions round two 
azlea a. and b, of nneqaal size ; the rope is conseqaeaily 
unwound from one axle while it is being wound up by the 
action of the other. (Fig. 130.) 

Let R, r be the radii of the axles, then w moves through 
ir (r — r) upon each revolution of the axles. 

The length of string required for each revolution is more- 
over 2 IT (b + r) and is so large that the contrivance is 
practically of little value. 

The object of We*ton'$ Differential PuUey-Uock is to 
AFoid this difficulty about the expenditure of rope. lo the 
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Chinese Windlass, one end of the rope is supposed to be 
fastened to the axle a, and the other end to the axle b ; if, 
however, these two ends were brought together, the supply 
of rope necessary for b might be drawn from that coiled 
upon A, and the expenditure would be really 2 ir (r — r). 
There would be many inconveniences attending this ar- 
rangement in practice, but it has been put into a working 
shape by Mr. Weston. In his puUey-block (Fig. 131), 
there are two pulleys a and b^ nearly equal in size, turning 
together as one pulley, and forming the upper block ; an 
endless chain supplies the place of the rope, and must of 
course be prevented from slipping by projections which 
catch the links of the chain. The power is exerted upon 
that portion of the chain which leaves the larger pulley, 
the slack hangs in the manner shown in the sketch, and the 
chain continues to run round till the weight is raised ; the 
combination is therefore highly effective. 

103. The subject of Epicyclic trains will now occupy our 
attention, and we shall discuss some of the most useful ap- 
plications of that peculiar arrangement of wheelwork which 
is technically so designated. 

An epicyclic train differs from an ordinary train in this 
particular: the axes of the 
wheels are not fixed in 
space, but are attached to a 
rotating frame or bar, in 
such a manner that the 
whole train of wheels can 
derive motion from the revo- 
lutions of the bar. 

There are certain funda- 
mental forms which consist 
of trains of two or three 
wheels; the first wheel of 
the train is usually concentric 
to the revolving arm, and the last wheel may be so Uke^veA. 
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These elementary fbrma are exhibited in the annexed 
diagrania, and the peculiaritjes which result from com- 
poanding taiy independent motion with that which arises 
from the rotation of the arm will demand some carefnl 
and attentive study. 

la Figure 132 the wheel b, or the wheels B and c. are 
attached to a bar which is capable of revolving about the 
centre of the wheel A, the axis of this latter wheel being 
fixed in space. 

In Figure 133, we have a combination of three bevil 
wheels, whereof the axes of A and o are identical and fixed 
Fif iX' ''^ apace, and the wheel b is canied round 

upon an arm which supports it 

It should be understood that any num- 
ber of intermediate wheels may exist 
between the first and last wheels of the 
I 2 train, and that the wheels in the train 
may derire the whole of their metJon 
from the arm, or they may receive one 
portion &om the arm and the remunder 
from an independent source. 
104. Let the arm make a revolutions \ daring the 
The first wheel a make m revolutions I same period 
The last wheel o make m revolutions ) of time, 
and let e (Art 89) be the value of the train. Then the 
first wheel makes (»t — a) revolutions relatively to the 
arm, and the last wheel makes (n—a) Tevolntions relatively 
to the same arm ; 

whence it follows that e = «riLa 
There are three cases to consider : — 
1. Let A be fixed or m = 0. 




B = a (1 — e) and a = 
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2. 



Let be fixed or n = 0. 
— a 



e = 



m — a 



3. 



.*. 9}i = a(l ) and a = t 

\ e / 1 — e 

Let neither of the wheels be fixed. 

Then me — ae ^=^na 

me — n me n 

.\ a = — = - +- 

e — 1 e— 1 l—e 

that is to say, the number of revolutions of the arm is the 
aggregate of the separate revolutions which it would have 
received in the two former cases. 

105. FergusofCs Paradox is obtained bj placing three 
wheels upon the axis which usually carries c, and making 
these wheels very nearly equal to each other and very 
nearly equal to a. 

Thus let A have 20 teeth, and the numbers of teeth upon 
E, F, G, be 21, 20, 19 respectively. (Fig 134.) 




iiiiiiniiii 



ri 

1 



iiitiiiiiiiiiiii 



E 
F 



jrjJi 






The number of teeth upon b is immateriaL 

20 

For the wheel e we have e = —-which is less than unity. 

» , 20 1 , . 

/. — = 1 r = ,-7 and IS positive. 

a 21 21 

2. For the wheel f; c = ^ =1 .-. ? = 0. 

20 a 

20 

3. For the wheel g ; e = --- 

*5r 
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/. ^ = 1 — .^ = — — and is negative, 
a 19 19 

So that when the arm is made to revolve round a fixed 
in space, the wheel £ tarns slowlj in the same direction as 
the arm, f remains at rest, and o moves slowlj in the re- 
verse direction. 

106. The Sun and Planet Wheels were invented by Watt, 
and were used to convert the reciprocating motion of the 
working beam of an engine into t\\e circular motion of the 
fij wheel, we have already referred to this invention in 
Art. 4, and have explained the object which it was intended 

to fulfil. The sketch (Fig. 
^'*- ^^' 135) shows the general ar- 

rangement of the contriv- 
ance; BD is the working 
beam of the engine, oscil- 
lating about the point d, 
and a wheel a is fixed to 
the connecting rod ba in 
such a manner that it can- 
not rotate, though always 
in gear with another equal 
wheel c upon the axis of 
the fly-wheel. As the beam 
oscillates, the wheel a will 
run round c, and is pre- 
vented from leaving it by 
the link a c, which is shown separately at k, or otherwise 
by a pin at the back which moves in a groove upon the 
wheel F. Since it is provided that a shall not turn upon 
its axis, it follows that c must do so, or the teeth would be 
torn ofi^ and indeed the rotation of c will be more rapid 
than we should at first imagine, for it will be found that 
c makes two complete revolutions upon its axis while a 
runs round it once. 

We may explain the peculiarity as follows : if the discs 
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A and C were fastened together at the point a, and C were 
to make half a revalotioD, A would come into the position a' 
and the direction of the arrow marked upon it would be 
reversed. But in the actual motion this arrow retains its 
first direction, and in order to recover it, the disc a' must 
again rotate tbrougli 180°, and must carry c round through 
another half revolution ; so therefore when we recur to tlie 
arrangement invented by Watt, c will make a complete re- 
volution while A descends from the highest to the lowest 
position, or travels half way round iL 

The same thing appears from the formula. 

107. An illustration may now be taken from the cotton 
mills of Lancashire. 

During the process of the manufacture of cotton yarn or 
thread, it is essential to wind the parljally twisted fibre 



time to protect it from any 



upon bobbins, and at the sac 
undue strain. 

The fibre is delivered to 
the bobbins at a uniform 
rate, whereas the bobbins 
get larger as they fill with 
the material or roving, and 
hence the winding machi- 
nery must be so contrived 
that the rate of revolution 
of the bobbin shall slowly 
decrease upon the comple- 
tion of each layer of the 
fibre. 

In the year 1826 Mr. H. 
Hon Ids worth patented an 
invention which solves the 
problem of the bobbin mo- 
tion in the most complete 
and satisfactory manner. 

In the last case of Art. 103 we have supposed the wheel 




108 ELEMENTS OF MECHANISM. 

B to be carried bj an arm which is capable of revolution 
round the axis AC; the best waj, however, of suspending 
B is to attach it to the face of a wheel, h, as in Figure 136. 

Let this be done, and let A be connected with the driving 
shaft of the engine, so that the rotation of A shall neces- 
sarily be constant. 

If now some independent motion be imparted to the wheel 
H, the result maj be calculated from the formula. 

Here a, b, c are equal in size, 

e = — 1 
.*. »— a = a — m 
.Ml + m = 2 a 

which gives the analytical relation between the angular 
velocities of a, b, c. 

As soon as we examine this formula, we shall comprehend 
that the velocity of c may be reduced by altering the 
velocity of h. 

1. For let a = m, or let A and h turn at the same rate, 

then ft + i}t = 2a = 2in 
/. n = m, or c has exactly the same motion as a. 

2. Let a = — r- i.e. let h make three revolutions while a 

4 

makes 4, 

3 iw 3 iw 
.'. n + m = 2x ^="2- 

,*. n = -o or c moves half as fast as a. 

3. Let a =s 7 in which case h makes one revolution for 

two revolutions of A, 

in 
.\ n + m = 2x2"'* 

/, n = 0, or c stops altogether. 
We have taken extreme cases, from which it appears 
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that when the velocity of the arm is made less than that 
A, the yelocity of c is reduced in a twofold degree. 

GeneraUj, let a = m 

.'. w = 2 a — »i 

2 m 
= 2 m — m 

X 



2 m 



= m — 



or the rate of diminution of n is twice that of a. 

It now becomes easy to obtain any required reduction in 
the velocity of c ; a reduction in the velocity of h must first 
be effected by shifting a driving strap along a conical pulley, 
and the velocity of c will be reduced exactly twice as much 
as that of h. 

Mr. Houldsworth's invention consists, therefore, in im- 
parting to the wheel c two independent motions which travel 
by different routes, and which, after combination in the 
manner just investigated, are capable of producing the 
desired bobbin motion, 

108. In order to fix our ideas, let us calculate the motion in 
the following example : — 

Suppose A, B, c (Fig. 
137) to be three equal 
wheels, and that a is 
fixed to a shaft a d, 
which carries a conical 
pulley provided with 
steps at a, 6, c, c/, e, 
where the diameters are 
4, 5, 6, 7, 8. 

E F is another shaft 
carrying a second conical 
pulley which is the counterpart of the first, and terminating 
in a wheel f whose diameter is half that of h. 



Fig. 137. 
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A crossed strap connects the two cones, and the axis a d 
is made to revolve with a uniform velocity. 

It is required to reduce the motion of c when the strap is 
shifted along the conical pulley. 

1. Let the strap be placed at a, the velocity of h will be ^ 
that of A D. 

tn ^ ^ ^ 

/. a = X and n = 2 x-j— »»= — -g- 

or c moves in the opposite direction to a, and with half its 
velocity. 

2. Let the strap be at 6, the vel. of h will be jx> that of 
A D, (here e == = x h = T4 according to Art. 89. j 



5 m . 
or a = -Tx and « = 2 a — m 



6 m 



— tn 



2 m 



or c still moves in the opposite direction to a, but less 
rapidly in the ratio of 2 to 7. 

3. Place the strap at c ; 

then a= g/. n=2x2— *» = ^ 

or c stops altogether. 

M -nt % « 7 tn \ 7 fB 

4. Place the strap at a; .•. a = -g- x o = -rg- 

, ft 7m 2m 

whence it = 2 a — 911 = —z m = -r 

o 5 

i. e. c and a move in the same direction with velocities in 
the ratio of 2 to 6. 

5. Finally adjust the strap at e, and the velocity of h will 
be the same as that of a d. 

Here a = m, and n=z2m''m=:m, 
or the motion of c is precisely the same as that of A. 
109. Numerous models intended to illustrate simple 
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astronomical problems connected with the motion of the 
heavenly bodies are formed upon the principle which is 
under discussion. 

The subjoined arrangement exhibits mechanically the 
phases of the moon. 

Here wheelwork is dispensed with ; a and c are simple 
discs of wood connected by a gutta-percha band, as in the 
diagram. The band may be open or <;ro8sed, according as 
the discs are required to turn in the same or the opposite 
direction. 

Fig. 138. 







E is the earth (Fig. 138) ; a white ball m, fixed rigidly 



Fig. 139. 



•Qf. 



to the ami, represents the 

moon ; a hemispherical 

black cap fits upon m, and 

is connected with the disc 

Cy so as to move with it. / 

If the cap is to represent / 

the dark portion of the CP 

moon's surface, it must not 

rotate as the arm revolves, 

and this is clearly the case 

of the wheel p in Ferguson's 

Paradox ; consequently a 

must be equal to c, and the band which connects a and o 

must not be crossed. 



3. 
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As the arm revolves, the disc c moves round in a cir- 
cular path without at all rotating upon its own axis, and 
the hemispherical cap takes the various positions shown 
in Fig. 139, imitating thereby the shadow which would be 
caused by a luminous body at a great distance to the left 
of B. 

110. Epicyclic trains may be employed to produce a very 
slow motion upon the following principle : — 

Let A,B,c,D represent the numbers of teeth in a train of 
wheels in gear arranged as in Fig. 140. 

Fig. 140. If A = D, and B = c, then a and 

y^ "^V'^'^^^X ^ ^'^ rotate with the same velocity 

/ A V*^ f^ ^° *^® ®*°^® direction, but if the 
I jK^ h^^ equality between (a, d) and (b, c) 

^^^^^^^^-^...^^ be slightly disturbed, we shall pro- 

duce a small change in the value of the train. 

Suppose, for example, that a is less than d, 

or that A = 31, d = 32 ; 
and, again, that b is less than c, 

or that B = 125, c = 129 ; 

then e, the value of the train, will be 

31 X 129 



125 X 

3999 
4000 



32 



Also the more nearly the equality is maintained between 
(a, d) and (b, c) the more nearly will the angular velocities 
of A and D be the same, or the more nearly will e be equal 
to unity. 

Thus if B = D = 100, A = 101, c = 99 

101 X 99 9999 



we have e = 



100 X 100 10000 



Let us now arrange a, b, c, d in an epicyclic train, then 
the turning of the arm will set all the wheels in motion 
except A, which is fixed, and we shall have d and a moving 
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relativelj to each other just as before, that is to saj, d will 
tarn very slowly over A at rest. (Fig. 141.) 



iiimiilinT 
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Fig. 141. 
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Taking the formula 
for e the values given above, 

we have in the first example 



— = 1 — €^ and substituting 



n 
a 

n 



1 



4000 
1 



and in the second example — = ,/vw\ 

'^ a 10000 

Hence the arm will make 4000 or 10,000 revolutions 
respectively while the wheel d turns round once. 

111. This last example leads us to compare the movement 
of any wheel in an epicyclic train with that in another train 
where the axes are fixed in space. 

Take a very simple case, such as that of three equal 
wheels, a, b, c. (Fig. 142.) 

If the arm be fixed, and a makes one turn, the wheel c 
will also turn once in the same direction. But if the arm 
revolve round a fixed, the 
wheel c will apparently run 
round just as it did upon the 
last supposition, and yet at 
the end of a revolution of 
the arm it will be found that the wheel c has not turned 
at all 

The explanation is that the fixed train gives the absolute 
motion of c due to its connection with a, whereas the 
epicyclic train exhibits the relative motion of C with regard 
to A. 

1 



Fig. 142. 
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The B&me thing is true with respect to anj other wheel 
in the tniia such as b; thus when the axes are fixed in 
apace, A and b revolve in opposite direotions, and the 
motion of B relatively to A is twice its absolute motion : in 
an epicyclic triun, on the other hand, it will be found that 
when the arm has made one revolution round a. fixed, the 
wheel B has really turned twice. 

This fact was made nse of bj Watt, in the construction 
of the sun and planet wheels, 
described in A.rt. 106. 

The motions of the wheels 

B and c in an epicyclic train 

are shown in Fig. 143. The 

arm is supposed to have re- 

, Tolved through an angle of 

^ 45° i it will be seen that B has 

/turned through a right angle, 

"'taa."'" "ivJvJ^ "iT^K^ while c has not turned at aU. 

112. In the manufacture of rope the operation of 

'laying,' or twisting the strands into a perfect rope, is 

effected by special machineiy. 

The Sot. Edmund Cartwrigbt; the inventor of the 
power-loom, was also the first inventor of a machine for 
making rope. The general character of the contrivance 
will be understood &om the sketch (Fig. 144), which ia 
taken from the specification of the invention. 

The machine itself is called a ' Cordelier,* and consists 
of a frame placed upon a horizontal shaft p Q, and termi- 
nating in a laying-block B, which serves the double purpose 
of directing the strands to the rollers at k, where they are 
twisted into rope, and of forming a support or bearing for 
one end of the shaft 

Three spool frames carry the bobbins, or spools, which 
contain the supply of strands, and the strands, as they are 
unwound from the bobbins, pass through delivery rollers at 
i>, E, and F, and thence onward to the laying top. 




snCTCUO TRAINS. IIB 

All this IB simple enough, and might be the inrention of 
anjone ; but tbere is jet a difficulty to be orercome, which 
we proceed to explain. 

Upon examining a rope it will be found that the twiat of 
the rope is always in the oppoBito direction to that of the 
strands, and it follows that if the bobbins were absolutely 
fixed to the rotating frame the strands themselves would be 
untwisting during the whole operation. This untwisting 
is provided against in a rope-walk by the use of two 
machines, one at each end of the walk ; the' strands are 
attached to books on one of the machines, and these hooks 
are made to rotate with a velocity which exactly neutralises 
the twist of the machine which is forming the strands into 
B finished rope. 




In the Cordelier the difficulty is at once removed by the 
introduction of an epicyclic train. A dead wheel a, so 
called because it is held stationary while the shaft p q 
rotates within it, gears with a second wheel b, and this 
latter with a third wheel c, equal to A, whose axis termi- 
nates in one of the spool frames. Now we have just proved 
that in such a trun o will run round a without rotating at 
all upon its own axis, and hence the bobbin may be carried 
round without in the slightest degree untwisting the 
strand. 
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113. In order to make this matter still more apparent, 
we refer the student to Fig. 145, which is intended to show 
three positions of a spool when rotating in a frame without 

Fig. 145. Fig. 146. 





the intervention of an epicjclic train ; it is quite evident 
that the spool has made one rotation round an imaginary 
axis through its centre while rotating once round the 
centre of the frame. 

The same thing is true of the moon, which rotates once 
upon its axis while performing a complete revolution in 
its orbit round the earth, and the consequence is that the 
moon always turns the same face towards us, and that we 
see only one half of its surface. 

In Fig. 146, on the other hand, where an epicyclic train, 
with c equal to a, is interposed, the bobbin will take the 
positions c, c', c'^ during a revolution, and the rotation just 
referred to will be exactly neutralised. 

Captain Huddart has incorporated this invention of 
Cartwright into some very useful machinery for manu- 
facturing rope, and has employed the same epicyclic train ; 
but he has made c smaller than a in the proportion of 
13 : 14, as in the case of the wheel g in Art. 105, and the 
result is that a slight additional twist is given to each 
strand in the act of laying it into rope. 

114. Another illustration is found in Equation clocks. 
In these nearly obsolete pieces of mechanism the minute 
band points to true solar time, and its motion therefore 
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Fig. 147. 




eonaists of the eqaable motion of the ordinary minute hand 
plus or minus the equoHan or difference between true and 
mean solar time. 

In clocks of this class the hand pointing to true solar 
time is fixed to the bevil wheeL (Fig. 147.) 

The wheel a moyes as 
the minute hand of an or* 
dinary clock ; the interme- 
diate wheel B is fixed to a 
swinging arm s b, as in 
Art. 103, and the position 
of c will be in advance of 
that of A when e b is caused 
to rotate a little in the same 
direction, and behind that 
of A when E B is moved in 
the opposite direction. 

Thus as c goes round during each hour of the day, the 
hand attached to it may be a few minutes before or behind 
another showing mean time, and deriving its motion at once 
from A. 

The required motion of s b is obtained from a cam plate, 
Q, curved as in the diagram, and attached to a wheel which 
revolves once in a year. 

116. The Parallel Motion used in steam-engines was the 
invention of James Watt, and was thus announced in 
the specification of a patent which he obtained in the year 
1784 :— 

'My second new improvement on the steam-engines 
consists in methods of directing the piston rods, the pump 
rods, and other parts of these engines, so as to move in 
perpendicular or other straight or right lines, without using 
the great chains and arches commonly fixed to the working 
beams of the engines for that purpose, and so as to enable 
the engine to act on the working beams or great levers both 
by pushing and by drawing, or both, in the ascent and 
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descent of their pistons. I execute this on three principles. 
. • . . The third principle, on which I derive a per- 
pendicular or right-lined motion from a circular or angular 
motion, consists in forming certain combinations of levers 
moving upon centres, wherein the deviations from straight 
lines of the moving end of some of these levers are compen- 
sated by similar deviations, but in opposite directions, of 
one end of other levers. ' 

The annexed sketch in Figure 148 is copied from the 
original drawing. 



Fig. 148. 



AB 




A B is the working beam of the engine, p q the piston rod 
or pump rod attached at p to the rod b d, which connects 
A B and another bar, c d, moveable about a centre at c. 

* Whei\ the working beam is put in motion the point B 
describes' an arc on the centre a, and the point d describes 
an arc on the centre c, and the convexities of these arcs, 
lying in opposite directions, compensate for each other's 
variation from a straight line, so that the joint p, at the top 
of the piston rod, or pump rod, which lies between these 
convexities, ascends and descends in a perpendicular or 
straight line/ 

116. This invention being clearly an example of aggre- 
gate motion, we proceed now to discuss it in a careful 
manner^ and to examine its peculiar features. 
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Fig. 149. 



The lines ab and c d in Figure 149 are supposed to 
represent two rods move- 
able about centres at a and 
c, and connected by a link, \ 
B D. If B D be moved into 
every position which it can 
assume, the path of any 
point p in B D wiU be a sort 
of figure of eight, of which 
two portions, a 6, c </, are 
nearly straight lines. 

117. At the beginning of the motion let the rods be so 




Fig. 150. 



B 

• 



placed that the angles at 
B and D shall be right ^^ 
angles. (Fig. 150.) 

We shall now endea- 
vour to discover that 
point in B D which most !>• 

nearly describes a straight line, and in doing so, we first 
remark that b d begins to shift in the direction of its 
length, and therefore that the straight line in question 
coincides with b d. 

Suppose the rods to be ^'«' ^^*- 

moved from the position 
A B D c into the position 
Abdc. (Fig. 151.) Draw 
^»i,rfnJ_'toAB and c d 
respectively, and let p be 
the required point; also 
let 

AB=r 6p=a: BA6a=6 

CD=« PD=y J>ods=^ 

We shall further suppose 
that the motion of a b and 
c D is restricted within narrow limits, and shall deal 
approximately with our equations, by putting 
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. e 

smg 
then - =-7- 



2 »nd8in^ = ^ 

ft) 



Bin r 
D n "" • 



(1 — cos 



CO8 0) 



r28in* 2" 
«2Bm'-2 

= ly nearly. 

But the link only turns through a very small angle, which 
may be considered to be nothing as a first approximation, 
in which case the vertical motion of b is equal to that of d, 

or b m =: dn 
raind ss 8 sin ^ 

whence r = « ^ nearly. 



s 



2 



CD 
AB 



bv 



Fig. 15%, 



1. e. the point p divides b d into two parts which are in* 
versely as the lengths of the nearest radius rods. 

118. If the radius rods be ar- 
ranged on the same side of the link, 
the point p will lie in d b produced* 
^A (Fig. 152.) 

Suppose the rods to be moved 
into the position A.b dc, and draw 
bfy dq ±^BD and b d produced 
respectively. 

6 p bp r (1 -■ cos e) 

Inen -r- = 1 — =t7i \ 

a p a q *(l — cos 9) 
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Also rd =s «^ as before, 

b F r 



8^ 



8 



• • rf p "" * ^ r2 "" r 
a result which determines the position of p. 

119. We have supposed that sin = 6 and sin ^ = ^ in 
the previous investigation, and have examined the motion of 
that point in the connecting link which most nearly describes 
a straight line. We shall now inquire how much p really 
deviates from the rectilinear path at any given period of its 
motion. 

In practice, the beam of an engine seldom swings through 
an angle of more than 20^ on each side of the horizontal 
line, and within that limit the error consequent upon our 
assumption that the sine of an angle is equid to its circular 
measure would not be considerable; for we find^ upon 
referring to the tables, that the circular measures of angles 
of 1, 5, 10, 16, 20 degrees, and the natural sines of the 
same angles are the following : — 



Angle. 


Circular Meas. 


Natural Sine. 


Difference. 


r 


•0174533 


•0174524 


•0000009 


5» 


•0872665 


•0871557 


•0000108 


IQP 


•1745329 


•1736482 


•0008847 


IS** 


•2617994 


•2588190 


•0029804 


2QP 


•3490659 


•3420201 


•0070458 



In an engine of the usual construction a b is equal to 
c D, and we shall simplify our results by making this 
supposition. 

Let B D move into the position b d, and turn through an 
angle, a ; it is very apparent that within the limits to whicb. 
the rods move in practice, a wiU be mudiiVQAA ^(k»^^ ^"^ ^ 
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SO that we maj regard a as a close approximatioii to the 
actual values of sin a even when we do not adopt the same 
supposition with regard to d and ^. (Fig. 153.) 

The object of the investigation will be to determine ^ in 
terms of 6, and we shall see that the deviation sought for 
depends upon the di£ference of the cosines of ^ and 6. 

Fig. 163. j^ before, observing that # = r, we have 

B m = r (l~cos 0) 
m b =z r sin 6 
d n = r(l— cos ^) 
D It = r sin ^ 

Let B D = /, then I + m b =z I cos a + d n 

or / + r sin = / cos a -f r sin ^ 

.*. r sin = r sin 6 + /(I — cos a) (1) 

Now a being the angle through which b d is twisted, and 

being moreover very small, we shall have 

/a=:Bm + dn very nearly 

= r (1 — cos 0) H- r (1 — cos ^) 

= 2 r (1 — cos 6), since ^ is nearly equal to 6 

2 r 
I =-7-(l — cos d) very approximately. 




• • 



By substituting in equation (1) we can calculate ^ vnth 

considerable accuracy, and then the deviation of p from the 

vertical line will 

rf n — Bwi 



= 2 (cos 6 — cos <p) 

and can therefore be ascertained. 
Ex. Let d = 20, and assume r = « = 50 inches, / = 30 in* 

/. o = -^ (0603074) 

= ^(•0603074) 

= -2010247 
or a represents the angle of 11^ ZV. 
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Substituting in equation (1) we have 

sin ^ = sin 20 + | ( 1 - cos 1 T 31') 

= -3420201 + J (0201333) 

= -3541001 
/. ^ == 20^ 44' nearly. 

Hence the deviation of p from the vertical 

50 
= "2 (cos 20° - cos 20° 44') 

= 25 (0044544) 

= j^th of an inch approximately. 

It may be shown that this amount of deviation is again 
capable of. reduction if we cause the centres of motion, a 
and c, to approach each other by shifting them horizontally 
through small spaces. 

120. The point p, whose motion has been examined, is 
usually found at the end of the air-pump rod. We have 
now to obtain a second point, also describing a straight line, 
and suitable for attachment to the end of the piston rod. 

A species of jointed parallelogram enables us to effect this 
object ppon the following principle : — 

Two curves are said to be similar when two radii can be 
drawn from two points similarly situated, such that if any 
two other radii be drawn equally inclined to the former, the 
four are proportional. 

Ex. Thus all parabolas are 
similar curves, and all ellipses 
with the same eccentricity are 
similar curves. 

Let A, a', be the vertices, 

8, s', the foci of two parabolas. / fl 

(Fig. 154.) 

Then s a, s' a' are two lines drawn from two points 
similarly situated. 
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Let 8 p, s' p' be radii inclined at the same Z.9to 8 a, a' a' 
respectively. 

28A 



Then a p = 



8^ = 



8 P 



1 + COS 

2 8^A^ 
1 + COS (^ 

8 JL 



whence the cunres are similar. 
Again, if 8 be the focus, c the centre of an ellipse, 

G 8 

the eccentricity s=s — 

Suppose the curves to represent ellipses of eccentricity 

e and ef respectively. 

8a(1 + e) 
/. 8P = 



1 H- e cos 6 

1 + e' cosO 
Let e= ef 



s'p' = 



8 P 

Then ^-7^= 



8 A 



or the curves are similar. 



Fig. 155. 



121. The subjoined contrivance enables us to draw a 
curve similar to any given curve. 

Let B Q R c represent a 
jointed parallelogram of 
which the sides b G, b Q 
are produced to convenient 
lengths ; make any point 8 
in B c 8 a centre of motion, 
and it will be found that by 
turning the frame round 8, 
and at the same time opening 
or closing in some d^;ree the 
angle q b o, a point p in b Q 
produced may be made to follow the path of any given 
curve upon the plane of the paper. (Fig. 155.) 
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Join 8 P, catting c b in p', then the point p' will trace 
out a curve similar to the path of p. For suppose b and c 
to have originally coincided with a and a', so that s a' a is 
a fixed line upon the paper. 

s P SB s a 



Then ^.= ^.^ = 






8 P 8 8 A' 

and the angle a 8 p = the angle a' 8 p' 

Therefore the points p and p^ trace out similar curvep, 
and if one point describe a straight line, the other will do 
the same. 

This arrangementi which is technically known as a 
Pantograph^ enables us to complete the problem of the 
parallel motion. 

122. To the system, a b c d, is superadded the parallelo- 
gram B F D £ ; A B F being the working beam of the engine. 
(Fig. 156.) 

Fig. IA6. 




The point p is in the centre of b d, and is the point to 
which the air-pump rod is fixed ; whereas the point e, 
which we are about to find, lies in a p produced, and is the 
point of attachment of the end of the piston rod. 

Let AB=r, CD = *, BP = ar, 

^, X DP, ... 

Then — = — by similar A» a b p, d p e 
r P B -^ ' 



DP 



But !11=^ = 1 



AB r . X r r 

p B CD s r 8 s 

which equation determines the proportion between a b, o d, 
and B F, in order that the second point sought for may lie 
at the vertex, b, of the parallelogram. 

123. Where a beam engine is used in a ste&nv ^e^'^\^^^ 
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beam must be kept as low down as possible, and the motion 
is altered as in the figure, but it is precisely the same in 
principle. 

Let A B = r, c D = «, D B = c, B D = /, F p' = o:, where 
y' is the point whose path is similar to that of p, being, in 
fact, the point to which the end of the piston rod is attached, 
and G D E is the beam of the engine. Draw 6 h || to f s. 
(Fig. 157.) 



Fig. 167. 




BP 
PD 



HD 

Then — =^^ =:r3 

CD 
^ BP 

But — : = — : 



GB 
CD 
CD 
PD AB 
S 

""r 

- or H D = — 
r r 



H D 

s 

Fp; 

F £ 






F P' 
H G 



EH 
C H 



X 

i 



1>E — HD 
HD -f C D 



C — _ 

r _ 

r ^ 
/ re— «« 



re 



-«« 



« (r + «) 



• • 



«=■ 



which gives x. 



s r -t s 

124. Another form of parallel motion was devised for 
marine engines before the principle of direct action was so 
generally adopted. It was fitted to the engines of the 
* Gorgon' by Mr. Seaward, and has since been applied 
to small stationary engines. 

It is remarkable as illustrating a mechanical principle 
for reducing friction upon an axis, by causing the driving 
pressure and the resistance to be overcome to act upon the 
same side of the centre of motion ; for here the connecting 
and piston rods are both attached to the rocking beam 
upon the same side of its axis. 

It is a modification of a simple geometrical fact. 
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Let the rod ▲ b (Fig. 158) be bisected in c, and jointed 
at that point to another rod, c d, which is equal in length 
to A c. Suppose the.point d to be Fig. iss. 

fixed^ and that the end, a, of the 
rod A B describes a straight line 
pointing to D, then b will also 
describe a straight line pointing 
to D. 

This is evident from the fact 
that c is always in the centre of a 
circle passing through a, d, and b, \ 
and of which a c b is the diameter. 

The system of rods t 8, h p, p q, 
exhibits the parallel motion of the ' Gorgon ' engines. 

T and Q (Fig. 159) are the centres of motion, and h is 
the point which most nearly describes a straight line h k ; 

Fig. 159. 





draw 8R,8v, J.'^toTP and h k respectively. 

Let TS = 0,SH = 6, SP = C, 8TR = 6, 8PE 

1—2 sill ^ o ) 
= a(l — ^J nearly, 
syz=b coa(p = b (l =%] nearlyi 



= 0. 
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But the point h describes the atnught line h k, 
.•. T K = o — 6 
. . &♦« oe» „ 
whence we have -g s" = " 

or d 6* = 6f* 



.*. c» = oft, 
orTB:BF::BP:8H,& condition which must be fulfilled 
by the rods giving the psrallel motion, 

125. A Parallel JUotion may also be nseful in miscel- 
laneous machinery. 

In the old process of multiplyiog engraved steel plates at 




the Bank of England, which was practised before the art 
of electrotyping was understood, it was necessary to roll a 
hardened steel roller upon a fiat plate of soft steel with a 
very heavy pressure, and so to CDgrave the plate, lltfl 
difficulty of maintaining this preasore daring the motion of 
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the roller apon the surface was overcome by the aid of the 
parallel motion indicated in Figare 160. 

The system of jointed bars allowed the heavy frame C to 
tntverse laterally, while the necessary pressure was obtained 
by a puU upon the end b of the lever a b, which lever was 
moveable round A as a centre of motion, and was further 
connected at B with some source of power. 

1S6. Watfg Indicator is an instrument used to ascertain 
the actual horse-powor of a working aleam-engine. The 
Fig. i«i. principle upon which it is constructed is the 

following : — 

A pencil oscillates through the space of 
a few inches in a straight line, with a ve- 
locity which always bears a fixed ratio to 
that of the piston, and at the same time is 
the subject of a second motion at right 
angles to the former, which occurs when- 
ever the pressure of the steam upon one and 
the same side of the piston becomes greater 
or less than that of the atmosphere. 

Under the influence of these independent 
motions the aggregate path of the pencil 
will be a curve which is capable of inter- 
pretation, and which aSbrdt 
onderful insight into the 
working of the engine. 

The indicator consists of a 
imall cylinder, a, fitted with 
'' a steam-tight piston, B ; the 
piston rod, B D, is attached 
to a spiral steel spring, which 
is capable of extension and 
compression within definite 
limits, and is enclosed in the upper part of a tube which 
carries the cylinder A> 

The pencil is attached to a pMut in the rod b d (Fig. L61V 
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and traces the indicator diagram upon a piece of paper 
wrapped round a second cylinder by the side of the first. 

The cylinder, A, is freely open to the atmosphere at the 
top, and a stopcock admits the steam when required. 
The indicator is usually fixed upon the cover at one end 
of the steam cylinder of the engine. When the stopcock 
is opened and the lower side of b is in free communication 
with the interior of the cylinder, the pressure of the steam 
will be usually greater or less than that of the atmosphere ; 
if it be greater, b will rise against the pressure of the 
spring, and if it be less, the pressure of the atmosphere 
upon the upper surface of b will overcome the resistance of 
the spring and cause the pencil to descend. 

At the same time, the cylinder which carries the paper is 
made to turn with a motion derived at once from that of 
the piston in the engine, but much less in degree, and thus 
a curve is traced out somewhat of the character represented 
in Fig. 162, 

Fig. 162. 




Here p Q is the atmospheric line, and is the path of the 
pencil when the pressure of the steam is equal to that of 
the atmosphere, or when the spiral spring is neither ex* 
tended nor compressed. 
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As the steam enters the cylinder, the piston may be 
supposed to be descending, and the pencil to be describing 
the upper portion of the curve; when the piston returns, 
the pencil moves to the left through d e a, and thus the 
diagram is traced out. We may examine this matter with 
more particularity as follows : the steam is admitted just 
before the piston reaches the top of its stroke by giving a 
small amount of lead to the slide valve, and the pencil 
rises at once with a rapid motion from a to b ; the full 
pressure of the steam is then maintained while the pencil, 
recording a portion of the travel of the piston, moves from 
B to G; at c the steam is cut off, and the pencil falls 
gradually as the steam expands with a diminishing pressure; 
at B the steam pours into the condenser, and the fall be- 
comes sudden; from E to A the cylinder is in full com- 
munication with the condenser, and the pencil describes a 
line somewhat inclined to the line p q, the position and 
form of which depends upon the perfection of the vacuum 
in the condenser. 

The strength of the spiral spring being ascertained, the 
curve telb us exactly the number of pounds by which the 
pressure of the steam urges the piston onward during 
every inch of its path in one direction, and the amount of 
resistance which the uncondensed vapour or gases existing 
in the condenser oppose to its passage in the other direc- 
tion ; the area of the curve, therefore, affords an estimate 
of the work done in the engine during one complete 
stroke, and is a graphic representation of the same ; 
the engineer estimates this area by simple measurement 
in the most direct manner which occurs to him, and 
then the actual indicated horse-power is obtained by mul- 
tiplying the work done in one stroke by the number of 
strokes in a minute, and then dividing by 33,000, the 
number of pounds that a horse can raise through one foot 
in one minute. 

127. In some printing machines the table is driven by a 
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Fig. 163. 




crank and connecting rod, and the length of its path may be 
doubled upon the principle under discussion. 

A wheel rolling upon a plane is a case of aggregate 
motion ; the centre of the wheel moves parallel to the plane, 
the wheel itself revolyes about its centre, and these two 
simple motions give the aggregate result of rolling. 

Let a wheel, q (Fig. 163), be attached to the end of the 
connecting rod p q, so that it can turn freelj on its centre, Q. 

Let the wheel 
revolve between 
two racks, ▲ and 
B, whereof ▲ is 
fixed to the 
framework of the 
machine, and b 
is attached to the 
table. 

The rack b receives the motion of Q in its twofold 
character, and moves through exactly twice the space that 
it would describe if connected simply with the point Q. 
The size of the wheel makes no difference in the result 
In the same way, if a beam of timber be moved longi- 
tudinally upon friction rollers, the travel of the beam will 
be twice as great as that of the rollers. 

128. A further illustration of aggregate motion occurs in 
machinery for drilling and boring. 

Li a drilling machine the 
spindle which carries the cut- 
ting tool revolves rapidly, and 
at the same time advances 
slowly in the direction of its 
length. 

The movement is obtained 
upon a very obvious principle. 
Conceive a nut, n (Fig. 164)^ 
to he placed upon a screw-bolt^ f g, and to be bo held in a 



Fig. 164. 




G 



])min \ 



DBILLXNG MACHINES. 



138 



ring or collar that it can rotate freely without being capable 
of any other motion. 

If the nut be fixed, and fg be turned in the direction of 
the arrow, it is clear that the bolt must advance through 
the nut ; if, again, the screw be prevented from turning, 
and the nut be made to rotate in the same direction as before, 
the bolt will come back again. And, finally, if by any con- 
trivance difierent amounts of rotation be impressed at the 
same time upon the nut and the screw, the bolt will receive 
the two longitudinal movements simultaneously, and the 
aggregate motion will be the sum or difierence of its com- 
ponent parts. 

129. Suppose the wheels d and c to be attached to the 
bolt and nut respec- Fig. iss. 

tively, and to be driven 
by the pinions a and By 
and let a, b, c, d re- 
present the numbers 
of teeth upon the re- 
spective wheels. (Fig. 
165.) 

If (a) be the number 
of rotations made by 
A or B during (m) rota- 

,,^_ _ m B n JL 

tions of c and (n) of D, we have --■ = — "^ ^ b 

Therefore (a) rotations of a will cause a travel of the bolt 
F G through (in — n) x pitch of the screw 

= a(- — — I X pitch of the screw, 
^c D y 

130. We shall first of all examine the construction of a 
small i>rt7/m^ Machine, which can be worked either by hand 
or steam-power, and which is not self-acting. 

The drill spindle, with a screw thread formed upon the 
upper part of it, is sketched in Fig, 166 \ ^Votl^Xsi^^^ 
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slot or groove, m n, ia cat in the lower portion of the drill 
spindle, and a corresponding projection or feather is attacbed 
to the inside of the pipO) A B, and works in the groore, b; 




which construction it is provided that the spindle shall be 
moveable along the tube, and yet be made to rotate with it 
in dperj position. 
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The general arrangement of the machine is shown in 
Figure 167; the power is applied to turn the bevil wheel d, 
and thus to cause the rotation of ▲ b : the handle k actuates 
the wheels m and k, whereof the latter is a nut fitted upon 
the screwed part of the spindle. 

As the cutting proceeds, the workman slowly depresses 
the drill spindle bj turning the handle ; he can do this 
without at all interfering with the rotation of the cutter, 
and if the machine were self-acting it would be the object 
of some special contrivance to produce a corresponding 
depression of the drill by imparting a slow and uniform 
longitudinal movement to the spindle. 

131. A Drilling Machine by Mr. Bodmer, of Manchester, 
is made self-acting in the follow- Fig. i68. 

ing manner : — 

The drill spindle (Fig. 168) 
has a screw thread traced upon 
it ; a groove is cut longitudinally 
along the spindle, and a projection 
upon the interior of the boss of 
the wheel d fits acccurately into 
the groove. 

Thus the spindle can traverse 
through the wheel d, although 
the spindle and wheel must turn 
together. 

A nut, H, in the form of a pipe, 
and having a wheel, c, at the 
bottom of it, receives the spindle ; 
this wheel and pipe are shown separately in section. 

If a pinion, A, turning in the direction shown by the 
arrow, engage the wheel d, it will screw the spindle rapidly 
through the nut h, and bring it down towards the work. 

Suppose a second pinion b (Fig. 169) turning in the same 
direction as a to act upon c, it will move the nut instead of 
the screw, and the drill spindle will rise ta^vdVj« 





136 ELEUENT8 07 ItECEAKIBU. 

Thus fftr we have provided For bringing the apindld down 
to iu work, and for rusing it up again ; it remnina to 
apply the principle of aggregate 
motion, to cause the drill spiadle to 
become the recipient of these two 
movements in a nearly eqnal degree, 
and thereby to ensure the slow 
descent accompanied by a rapid 
rotation, which is required in process 
of drilling. 

The resalt of tbf combination ii 

shown in the next diagram, where 

the wheels a and b are moved together ; the wheel A tends 

to depress the spindle, the wheel b tends to raise it, and the 

F'l- iTD. spindle descends by the difference 

of these two motions having Air- 

tber the motion of rotation given 

by the wheel A. (Fig. 170.) 

The motions of A and b are 
obtained from the driving pulleys 
I, N, and L. 
] I is an idle pulley-, M drives a 
and L drives b. When the strap 
is on H the drill descends to the 
work; when the strap is on L it 
ascends from the work, and when 
the strap is partly on n and partly 
on L the drilling proceeds. 

132. Mr. Whitworth'B Friction 
Drilling Machine is an elegant 
application of the principle nnder discussion. 

AP is the drill spindle, driven in the usual manner by the 
bevil wheel b. (Fig. 171.) 

E and F are two worm wheels embracing the screwed 
portion of the spindle upon opposite sides. 
If E and F be prevented from turning, they will 




DRILLING MACHINES. 



137 




L-^ 



form a nat through which the spindle will screw itself 
rapidly. 

If E and F be allowed to turn quite 
freeljy the drill spindle will set them 
in motion, and the nut will be virtually 
eliminated. The drill spindle maj 
then be regarded as the recipient of 
two equal and opposite motions ; it is 
depressed by screwing through a nut, 
it is elevated by the turning of the 
wheels. 

If the rotation of the wheels be in 
any degree checked by the application 
of friction, the equality is destroyed, 
and the drill spindle descends to a 
corresponding extent. 

A friction brake, regulated by a 
screw, restrains the motion of £ and f, 
and gives a perfect command over the working of the 
machine. 

When B is at rest the worm wheels act upon the spindle 
as a pinion does upon a rack, and the drill can be rapidly 
brought down to the work. 

133. A Boring Machine would be employed to give an 
accurately cylindrical form to the interior surface of a steam 
cylinder. Fig. 172. 

In the annexed example the boring 
cutters are attached to a frame which 
rides upon a massive cast-iron shaft 
or boring bar, and rotates with it) 
this frame is further the recipient of 
a slow longitudinal movement given 
by a screw. (Fig. 172.) 

An annular wheel, ▲, shaped as in 
the figure, rides loose upon the bar, and drives a pinion, p, 
at the end of the feeding screw which advances the cattAt%^ 




138 ELKUENTS 07 UECHANISH. 

the boring bar being recesaed ic order to receive tbe 

It is qaite apparent that aa long as the rotation of the 

wheel A is identical with that of the boring bar, the pinion 

p win not turn at all ; and further, that a slow motion will 

Pij ,„ be impressed upon p, 

if the rotation of a is 

made to lag a little 

behind that of the 

bar. 

A wheel, B, is 
keyed to the bar, and 
a small shan, at the 
side carries the wheels 
C and D, and thus 
motion & imparted to 
A, and thence to the 
screw. Let 




the numbers of teeth upon b, C, d be 64, 36, 35, and let the 
wheel A have 64 teeth, both upon the outside and the 
inside of its circumference, the pitch of the screw being 
^ an inch, and the number of teeth upon the pinion being 
16. (Fig. 173.) Here 

B X D 



64 X 35 



i e. A 1o8e»^th of a revolution for eyer^ complete rotation 
of the boring bar. At the same time the pinion p moves 

Ihrottgh 86 ** Ts ''^ 9 °^ * revolution, and the cutter 
I through ^ X i an inch or through -^th of an 
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134. The oval chuck affords another example of aggregate 
motion. It is based upon the following property of an 
ellipse. 

Let A c a', B c b' (Fig. 174), represent two grooves at 
right angles to each other, 
and traced upon a plane 
surface ; p d e, a rod fur- 
nished with pins at d and 
E : if this rod be moved 
into every possible posi- 
tion which it can assume 
while the pins remain in 
the groove, the point p 
will describe an ellipse. 

Draw p N J.'^ to A c, and p m J."^ to c b 




Let c N = ar, 
PN=y, 



p E = a 
PD = 6 



_, X P M y P N 

Xhen — = — 7" = — 
a pb6 pd 

. x^ .y2 p M^ + E M^ 



E M 



P E 



b^ "" P E^ 

which is the equation to an ellipse. 

135. Li drawing an ellipse we should fix the paper and 
move the rod over it, but in turning an ellipse in a lathe we 
should fix the describing tool and 
move the piece of wood or metal 
underneath it ; thus the conditions 
of the problem become changed, 
and the construction is modified 
accordingly. 

An equivalent for the grooves 
A a', b c b' may be found as 
follows : 

Describe a circle about e of radius larger than e d 
(Fig. 176), and let two parallel bars, q b, s t, be connected 



p • 
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by a perpendicular link h k equal in length to the diameter 

of the circle, and thus form a rigid frame embracing the 

circle, and capable of moving round it 

As the frame moves round the circle let h k pass through 

Fig. 176. D in every position as represented 

in Fig. 176, draw dc parallel 
to Q By and E G parallel to h k, 
then it is not difficult to under- 
stand that the triangle d c e in 
Fig. 176, is exactly the same 
as the triangle d c s in Fig. 
174 ; and that as we formerly 
moved the bar b p over a plane 
and described an ellipse, so now 
we have the same motion with a 
fixed bar and a moveable plane, and obtain precisely the 
same curve. 

This is a very good example of aggregate motion. The 
plane upon which the ellipse is traced is the subject of two 
simultaneous movements ; a line, h k, in the plane is made 
to revolve by the one round d as a centre, and by the other 
the same line receives a sliding motion in alternate directions 
through D. 

Thus an oval, or more properly an ellipse, may be turned 
in the lathe. 

136. The (xovemor of a steam-engine usually appears 
under the form invented by Watt, and has proved of the 
greatest possible value in steam machinery. 

The annexed diagram (Fig. 177) shows the construction 
of this appendage to an engine, and the principle of its 
action is briefly the following : — 

The engine imparts rotation to the balls of a heavy conical 
pendulum, and maintains them at a certain inclination to 
the vertical ; if the velocity of the engine be increased, the 
balls open out more widely; if it be diminished, they collapse, 
and in doing so they move the end, a, of a system of levers 
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which is connected with a throttle valve, and thereby regu- 
late the supply of steam to the cylinder. 



Fig. 177. 




An engineer can easily arrange that the variation in speed 
admitted by the governor shall not exceed one-tenth of the 
mean velocity, but it is of the essence of the invention that 
some change in the speed should be admissible : the balls 
cannot alter their position unless the time of a revolution 
changes, and they cannot accumulate such additional mo* 
mentum as may be sufficient to move the valve until the 
rate of the engine has sensibly altered. 

In some cases, as where the engine drives machinery for 
very fine spinning, it may be desirable to obtain an almost 
absolute uniformity of motion ; or, again, it may be an ob]ect 
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to avoid the fluctuations in speed to which the common 
governor is liable when anj sudden change occurs in the 
load upon the engine. 

In order to control the engine with almost theoretical 



F!g. 178. 





exactness, and to provide 
against the objections to 
which Watt's governor 
is exposed in certain ex- 
treme cases, Mr. Siemens 
has put forward a re- 
markable adaptation of 
epicjclic trains to the 
conical pendulum; and 
we shall conclude the 
present chapter with an 
examination of his in- 
vention. 

The original construction of this governor is exhibited in 
the diagram (Fig. 178), and is better suited to the purpose 
of explanation than a more recent arrangement. 

An epicjclic train of three equal wheels, ▲, B, c, imparts 
motion to the conical pendulum ; of these, A is driven bj 
the engine, and b is capable of running round A and c to a 
small extent defined by stops, the joints at f and b being 
so constructed as to permit of such a motion. 
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The wheel b is also connected by the system of levers to 
a weight, k, and shuts the steam valve when its motion haa 
lifted K through a certain space. 

The valve spindle passes through the centre of motion, e, 
and is turned by the arm f e. 

A conical pendulum, d p, is suspended by a ball-and- 
socket joint at s, and the extremity d moves in a circular 
groove, D H. 

A certain amount of maintaining force is absorbed in 
preserving this pendulum at a constant angle with the 
vertical, and it is a part of the contrivance to increase 
artificially the friction which opposes the motion of the 
pendulum, and thus finally to make the pressure exerted by 
the weight, k, an actual measure of the amount of such 
maintaining force. 

The governor is at work when the velocity of the engine 
suffices to keep k raised through a small space. 

In order to understand the peculiar action introduced by 
the epicyclic train, we should remember that one of these 
two things will happen : either a and c will turn at the same 
rate, or else b will shift its position and run round the axis 
A H ; there can be no departure from the rigid exactness of 
this statement. 

Now the wheel c is connected with the pendulum, and its 
rotation cannot be maintained without a constant expendi- 
ture of force ; in other words, the tendency of o is to lag 
behind A, and to cause b to run round the axis a h. 

This indisposition in c to accept the full velocity of a is 
artificially increased by the friction until b shifts its position 
and raises the weight k permanently, and then of course it 
follows that the pull of k evidences itself as a constant 
pressure tending to drive the wheel c. 

The pendulum being in this manner retained in permanent 
rotation, suppose that any increase were to occur in the 
velocity of a, the wheel c is in connection with a heavy 
revolving body, and can only change its velocity gradually, 
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but K is already lifted, in the sense of being counterpoised, 
and the smallest increase of lifting power can therefore 
raise it higher ; thus the tendency to an increase in the 
velocity of a will at once cause b to change its position, and 
will control the steam valve. 

So sensitive is this form of governor to fluctuations in 
speed, that an alteration of -^^j^th of a revolution may suffice 
to close the throttle valve altogether. The power to move 
the valve spindle is also very great, and offers a remarkable 
contrast to that exerted in other arrangements. 

In the method now adopted at Greenwich for registering 
the times of transits of the stars by completing a galvanic 
circuit at the instant of observation, a drum canying a sheet 
of paper is made to revolve once in two minutes. A pricker 
actuated by an electro-magnet, and moving slowly in a lateral 
direction, is set in motion at the end of each beat of the 
seconds' pendulum of a clock, and thereby makes a succes- 
sion of punctures in a spiral thread running round the drum. 
The observer touches a spring at the estimated instant of 
the time of transit of a star across a wire of the telescope, 
and producing a puncture intermediate to those caused by 
the pendulum, does in fact record the exact period of the 
observation. The regularity of motion in the drum is a 
matter of vital importance, and is ensured by the employ- 
ment of a clock train moving under the control of this 
pendulum of Mr. Siemens. 
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We propose to examine in onr concluding chapter various 
miscellaneous pieces of mechanism, and certain special con- 
trivances which are of frequent occurrence in machinery, 
and with which a student of applied mechanics ought to 
render himself familiar. 

137. The Fusee is adopted in chronometers, and in most 
English watches, in order to maintain a uniform force upon 
the train of wheels, and to compensate for the decreasing 
power of the spring. 

The spring is enclosed in a cylindrical barrel, and sets 
the wheels in motion by the aid of a chain wound partly 
upon the barrel and partly upon a sort of tapering drum 
called a fusee. (Fig. 179.) 

As the spring uncoils in the barrel the puU of the chain 
decreases in intensity ; at the same time, however, the chain 

Fig. 179. 




unwinds itself from the fusee, and continually exerts its 
strain at a greater distance from the axis, i.e. with a greater 
leverage, and with more effect. 

The theoretical form of the fusee is an hyperbola. 

L 
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138. To prove this statement we proceed as follows : — 
Let D p B represent the generating curve of a fusee, £ a 

being its axis. (Fig. 180.) 

Draw D E, p N, B A perpendiculars on 
E A; take E R^ Q N, s A to represent the 
pull of the spring when the chain is 
at D, p, and b respectively. 

According to Hooke's Law, * ut ien^ 
M sic vis,* the force of the spring 
decreases uniformly, and «*• r q s is a 
straight line ; produce it to meet £ a in 
c, and let c N = 0?, N p = y. Now, in 
order that the fusee may accomplish 
its object, the product of the pull of the spring into the 
arm n p must remain constant for every position of p. 

But the pull of the spring varies as Q x, or as c n, which 
is in a constant ratio to Q n, whence we infer that the 
product (p N X c N) is constant, or that a;^ = a constant 
quantity, an equation which represents an hyperbola. 

139. Li mechanism the fusee is frequently employed to 
transmit motion instead of to equalise force, and enables the 
mechanic to derive a continually increasing or decreasing 
circular motion from the uniform continuous rotation of a 
driving shaft. 

The groove of the fusee may be traced upon a cone or 
other tapering surface, or it may be compressed into a flat 
spiral curve : in all cases the efiect produced will be that 
due to a succession of arms which radiate in perpendicular 
directions from a fixed axis, and continually increase or 
decrease in length. 

The fusee can of course only make a limited number of 
turns in one direction. 

140. A Flat Spiral Fusee occurs in spinning machinery, 
and serves to regulate the velocity of the spindles and to 
ensure the due winding of the thread in a succession of 
conical layers upon a bobbin or ' cop.* 
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The formKtion of the eop ia K problem upon which « 
vast amount of mechanical ingenaitj has been expended ; 
and, without entering too much into 
details, we maj observe that there ai 
two distinct stages in the process of / 
winding the yarn upon a spindle eo 
as to produce a finished cop. 

The O^bottom (Pig. 181) is first 
formed upon a bare spindle by super- 
posing a series of conical layers with 
n continually increasing vertical 
angle. 

The body of the cop is then built 
up by winding the yam in a series of 
equal conical layers. (Fig. 182.) 

The winding-on of the yarn begins 
at the base of the cone, and proceeds 
upwards to the vertex ; the spindles 
are driven by a drum which rotates under the poll of a 
chain, and it is Fii. lu. 

evident that they 
can be made to 
revolve with in- 
creasing rapidity ' 
by placing a fusee 
upon the driving \ 
shaft and causing 
the chain to coil 
upon it. 

Such an arrange- 
ment, as shown in 
Fig. 183, will be adapt«d to the winding of a uniform 
supply of thread upon a conical surface ; and we can easily 
comprehend that a fusee of fixed dimensions will do very 
well for building up the body of the cop after the foundation 
is made. The main difBculty occurs in prodnciug the cop- 
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bottom, wbere the seriea of conical lajere of coatiniiaUj 
increasing vertical angle demands a fusee whose dimeneioni 
ahall gradually contract. 

The method of contractJng the form of the fosoe may b* 
explained as follows ; — 

Fig. 184 represents portions of two flat discs having ^rot 
at A and b, and upon which are cut radial and cnrved 
grooves in the manner indicated { it being arranged that 
when one plate is placed npon the other, the pins p and Q 
shall travf^ in both seta of grooves at tbe same time. 
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We can easil7 see that the blocks which cany the pins 
will move along the radial grooves as the disc b turns 
relatively to A, and that hj this combination we can obtain 
a spiral fusee of any required form, and can contract or 
enlarge its dimensions at pleasure. 

141. Mr. Bobertit 'winding-on motion' reposes upon tbe 
principle of the fusee, tbough in a modified form. 

Let one end of a rope which is coiled round a drum be 
attached to a point, p, in the moveable arm c p ; it is evident 
that the rotation of C p about the centre of motion c will 
cause some portion of the rope to be unwound from the 
bamL (Fig. 185.) 
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Draw G s perpendicular to the direction of the rope ; 
then, at any instant of the motion, the arrangement sup- 
plies the jointed rods, Fig.iss, 
CP, BQ, mentioned in 
Art. 52, and it is mani- 
fest that the rate at 
which the string is un- 
wound will vary as the 
perpendicular cs. 

This rate is greatest 
when c p is perpen- 
dicular to PQ, hut de- 
creases to nothing when 
c B vanishes, and here, therefore, the varying arm of the 
fusee exists in a latent form. 

Next conceive that the conditions are changed, and that 
the drum b moves to the right hand through a moderate 
space while c p remains fixed ; the cord will unwind from 
the drum with a nearly uniform velocity. 

If, finally, the arm o p be not fixed, but be made to move 
from a position a little to the left of the vertical into one 
nearly horizontal during one journey of the drum, it is 
abundantly clear that we shall subtract from the uniform 





motion of unwinding that amount which is due to the action* 
of a fusee, and that if the spindles derive their motion 
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from the rotation of the drum thej will continuallj acce- 
lerate as the drum recedes from c p. In this way we can 
make up the body of the cop. To form the copbottom, it is 
necessary that the winding on should begin more rapidly, 
and should gradually diminish ; this character of motion is 
produced by causing the nut p to traverse c d in successive 
steps during each journey of the drum. As soon as the cop 
has attained its full diameter, the nut ceases to travel 
along c D, and the thread is wound in uniform conical 
layers. (Fig. 186.) 

142. If two cords be wound in opposite directions round 
a drum, a, and the ends of the cords be fastened to a move- 
able carriage, it is evident that the rotation of a in alternate 
directions will cause a reciprocating movement in the 
carriage. (Fig. 187.) 

Fig. 187. Fig. 188. 





The drum a (Fig. 188) has been replaced by a spiral 
fusee in the self-acting mule of Mr. Roberts, and thus the 
motion of the carriage is gradually increased till it has 
reached the middle of its path, and then decreases to the 
end of the movement. 

143. A helical screw of a varying pitch traced upon a 

fig. 189. 




cylinder would produce a similar variable motion of the 
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mule-cairi^, and bu been applied in a machine eonstracted 
upon a different principle, in order to obtain a continually 
decreasing motion of the carriage. In effect it replaces the 
fiiBee. (Fig. 189.) 

144. The snail is chiefly found in the striking part of 
repeating clocks. It is a species of fusee, and is used to 
define the amount of angular 

deriation of a bent lever ^*- '^■ 

A B D, fumbhed at the end a 

with a pin which la pressed 

against the curve of the snail 

bj a spring, and attached at 

the other end to a curved rack, • 

whose position determines the 

number of blows which will 

be struck by the hammer of the 

clock. 

In order to form the snail, a circle is divided into a 
number of equal parts (twelve, for example), and a series of 
steps are formed by cutting away the plaie and leaving a 
circular boundary in each position. (Fig. 190.) 

As the snail revolves, * it d passes by jerks into twelve 
different positions, and tbc clock strikes the successive hours. 

145. The disc and roller is equivalent to the fusee, and 
is now but little used, on accouotof the probability that the 
roller will occasionnlly slip. 

This arrangement consists of a disc a (Fig. 191), revolving 
round an axis X' to its plane and giving motion to a 
rolling plate u, fixed upon an axis which intersects at right 
angles the axis of the disc a. 

Supposing the rotation of the disc to be uniform, that of 
the roller b will continually decrease as it is shifted towards 
the centre of a, and conversely. 

This is precisely the effect produced by a fusee. 

The roller may be a wheel furnished with teeth, and may 
roll upon a spiral rack as shown in Fig. 192. 
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As the disc revolyes, the pinion p slides upon the 
square shaft, and is kept upon the rack bj the action of 



Fig. 191. 



Fig. 19S. 





Fig. 193. 



a guide-roller, b, which travels along the spiral shaded 
groove in the manner indicated in the diagram. 

This example is by no means put forward as a good 
mechanical contrivance. 

146. Bell-crank Levers serve to change the line of 

direction of some small motion, 
and are of universal application. 
Thej consist simply of two arms 
standing out from a fixed axis so 
as to form a bent lever. 

1. Suppose it to be required 
to construct a bell-crank lever so 
as to change the direction of some 
small motion from the line b d into the line d a, where b d, 
A meet in a point d. (Fig. 193.) 

Draw D c, dividing the angle at d into two parts whose 
sines are in the ratio of the velocities of the movements in 
the given directions. 

In D take any convenient point c, and draw c ▲, c b, 
J."^ to D A and D B respectively, then a c b will be the 
-crank lever required. 
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Fig. 194. 



It is evident that the velocities of a and b are directly 
as the arms o a, c b, i. e. in the ratio of sin. c d a to 
sin. c D B : also that the motion in d a or d b becomes 
more nearly rectilinear the farther we remove o from the 
point D. 

Any play which may be necessary at the joints a and b, 
by reason that the ends of the levers really describe 
small circular arcs, may be easily provided for in the 
actual construction. 

2. To change the direction from one line to another not 
intersecting it. 

Draw P Q, a common per- 
pendicular to the lines a d 
and B E (Fig. 194), through 
Q draw Q H parallel to d a ; 
construct a bell-crank lever, 
ac bf for the movements as 
transferred to the lines b q, 
Q H ; draw c e parallel to 
P Q and equal to it, and 
further make e d parallel and equal to c b. 

The piece a c e d will be the lever required. 

An example of the use of a bell-crank lever of the second 
kind occurs in that portion of the rifling machine discussed 
in Art 39, and by means of it the longitudinal movement 
of the rod r N is transferred from one horizontal line to 
another, also horizontal, but in a plane at right angles to the 
original direction. 

147. In the transfer of motion from one axis to another, 
it often happens that we wish to deduce a rotation which 
may be made more or less rapid from one which is perfectly 
uniform. 

Conical Pulleys will give this result, and are represented 
in Fig. 196, where two cones moveable about the axes a b, 
C D, are connected by a driving band p q. 

The rotation of A b being uniform, it is at once evident 
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that the rotation of c d will continue to decrease as the 
strap is shifted from c towards d. 

One of the cones is sometimes replaced bj a cylindrical 
drum, in which case the strap must be kept stretched by 
Fig. 195. a tightening pulley. 

As an illustration, we refer to 
the use of these conical pulleys 
in the manufacture of stoneware 
jars, and other large earthenware 
vessels ; where a mass of clay is 
fashioned into the required form 
upon a rotating table, and the 
workman varies the speed of the 
table according to the require- 
ments of the work by shifting 
the driving strap along a pair of cones. 

Speed Pulleys form one variety of conical pulleys, and 
are so called because they allow of the transfer of different 
velocities of rotation from one shaft to another ; they are 
much used in engineers' factories. 

They are made in a series of steps, and are connected by 
a band which may be either open or crossed. 

There is a peculiarity when the band is crossed which 
does not exist otherwise, and we shall now show that the 
same band, when crossed, will be sure to suit every pair of 
pulleys which are connected by the simple relation that the 
sum of the radii of each opposite pair is equal to a constant 
quantity. 

This gives a very easy rule for making the pulleys, and 
the proof is the following : — 

Let a pair of pulleys connected by a crossed strap be 
represented in Fig. 196, and let a p = a:, b Q = y, p a c = 
D B Q = 0, 

Then CPQD=ar0+y0 + PQ = (ar + y)d + PQ. 
If now A p be increased by a given quantity, and b q 
be diminished by the same quantity, p q will remain con- 
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ataat and parallel to itself; also 8 will not change, and 
X + y will not change, therefore c p Q n will be unaltered 
in length. _ fi». ik. 

In practice, open bands are 
usually preferred to those which 
are crossed ; the latter embrace c 
a larger portion of the circum- 
ference, and are therefore less 
liable to slip, bat they rub and 
wear awaj at the point where 
they cross. When an open 
band is ased, the pulleys are so 
adjusted that the same band 
shall suit every pair in 
series, but there is not the s 
same easy method of obtaining 
the result. 

148. Where a train of wheels is set in motion by a spring 
enclosed in a barrel, it becomes of con- pig. 197. 

sequence not to overwind the spring ; 
the Geneva Hop has been contrived with 
the view of preventing such an occur- : 
rence, and will be found in all watches * 
which have not a fusee. 

Here a disc A, furnished with one 
projecting tooth p, is fixed upon the 
axis of the barrel containing the main- 1 '' \ 

spring, and is turned by the key of the / 

watch. (Fig. 197.) ""—^' 

Another disc, b, shaped as In the drawing, is also fitted 
to the cover of the barrel, and is moved through a certain 
angle every time that the tooth p passes through one of its 
openings, being prevented from rotating at other times by 
the action of the convex surface of the disc a. 

In this manner each rotation of a will advance & through 
a certain space, and the motion will continue until the 
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convex surface of a meets the convex portion e, which is 
allowed to remain upon the disc b in order to stop the 
winding-up. 

The winding action having ceased, the discs will return 
to their normal positions as the mechanism runs down. 

149. The Star fF^ee/is used in cotton-spinning machineiy, 
and is analogous to the Geneva stop. 

If the convex portion £ were removed so as not to 
interfere with the rotation of a, we should virtually possess 
Fig. 198. ^ 'Star wheel in the disc b. 

In that case each rotation of A would advance 
B bj the space of one tooth, or we should con- 
vert a continuous circular motion into one of 
an intermittent character. 

The usual form of the star wheel is given 
in Figure 198, where the revolving arm en- 
counters and carries forward a tooth at each 
revolution. 

It is as if a wheel with one tooth were to 
drive another with several teeth. 

150. The Double Eccentric for reversing an Engine. 
When the piston is near the middle of its stroke in a 
locomotive or marine engine, the slide-valve will have 
moved over the steam-ports in the manner pointed out in 
Fig. 199. 

The slide-valve is connected with a point in the circum- 
ierence of a small circle which represents the path of the 
centre of the eccentric pullej, and the piston is connected 
with a point in a larger circle, representing the path of the 
centre of the crank-pin. 

The piston and valve are shown as separated in the 
drawing, but the small circle is repeated in the position 
which it actually occupies, and the method of reversal is 
the following : — 

In the upper diagram the piston is supposed to be moving 
to the rights and the valve to the left ; in order, therefore^ 
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to change the motion, we must drive the piston back bj 
admitting the steam upon the opposite side, and bj letting 
out that portion of the steam which is urging the piston 
forward. Hence we must move the valve into the position 





shown in the lower diagram, and shift the centre of the 
eccentric pullej from a to b ; the piston will then return 
before it reaches the end of the cylinder, and the movement 
of the engine will be reversed. 

This explanation shows that in reversing an engine we 
must either shift the eccentric from the one position into 
the other, or else we must employ two eccentrics, and 
provide some means of connecting each of them in turn 
with the slide-valve. 

The problem, as presented in the latter alternative, has 
been solved in a most convenient and elegant manner by an 
arrangement commonly known as Stephenson's Link Motion. 
(Fig. 200.) 

Here a b is the starting lever, under the control of the 
engine-driver, and is represented as being pushed forward 
in the direction in which the engine is moving ; c d is the 
Unkj provided with a groove, along which a pin can travel ; 
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K short lever, centred at b, is coonected at ODe end, Q, with 
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the slide-valve, and at the other end with the pin which 
moves in the link. 

It is clear that so long as the pin remains near the point 
D, the lever centred at r will be caused to oscillate just as 
if the pin were attached to the extremity of the outer 
eccentric bar, and that the outer eccentric alone will be 
concerned in the motion of the valve. 

If now the engine-driver wishes to reverse his engine, 
he pulls back the lever a b, and by doing so he raises the 
link c D until the pin comes opposite to the end of the 
inner eccentric bar : the raising of the link is caused by 
the motion imparted to the bell-crank lever, 6 e f, which 
is centred at the point e. A counterpoise to the weight of 
the link is attached to the axis passing through e at some 
little distance behind the bell-crank f e o, so as to be out 
of the way of the moving parts, and the object of this 
counterpoise is to enable the engine-driver to raise the 
heavy link and bars easily. 

The inner eccentric bar now alone comes into play, and 
the two eccentrics being fastened to the crank axle at the 
angles indicated in the first part of the article, it is 
apparent that the valve will be shifted, and that the action 
of the engine will be reversed. 

151. If the end Q of the connecting rod in Art. 6 be 
attached to a knuckle-joint d Q e, consisting of two bars 
i>Qi QE, jointed together at the point Q, we derive a com- 
bination which has been used for many purposes. 

In Fig. 201 the point d is supposed to be fixed, and the 
point £ is constrained to move in a line d r, which is 
perpendicular to the normal direction of c Q. 

It is generally arranged that the centre of the crank 
shall be at such a distance from d e that the joint may 
straighten itself once only in a revolution of c p, and the 
contrivance is then applied to obtain a decreasing motion 
of the point e, and consequently to transmit a greatly 
increasing pressure. 
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It may be employed in this way to impart a rising and 
falling motion to the platten in printing machinery^ and 
indeed the knuckle-joint, per se^ was introduced at an early 
period as a substitute for the Stanhope levers. 



Fig. SOI. 



Fig.aosL 



|t £ 





Instead of placing c at such a distance from d b that 
D Q £ only straightens itself once during a revolution of 
c p, suppose that c is shifted a little in the line c Q, we 
shall then find that the point Q falls below d b, as well as 
rises above it, and there will be two positions of p on 
either side of a in which d Q e becomes a straight line. 

Fig. 202 is intended to show the knuckle-joint as applied 
to a movement of this character in a Power Loom. 

In weaving, the thread of the weft requires to be beaten 
up into its place after each throw of the shuttle ; and in 
some cases, as in carpet weaving, two beats are wanted 
instead of one. 
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The combinatioii under discussion has been used to 
actuate the moveable swinging frame, or batten, which 
beats up the weft, and the result is that two blows are given 
in rapid succession. 

In the figure now referred to^ e f is the batten, moveable 
about F as a centre, and it is clear that when the crank 
takes the positions c p, c p', the joint d Q e will straighten, 
and, as a consequence, the batten will be pushed as far as 
it can go to the left hand, or a beat-up of the weft will 
take place. 

Bj referring to Chapter I. we shall understand that a 
cam-plate moveable about c, and Fig. 203. 

shaped as in Fig. 203, may be 
employed to drive the batten, 
and may replace the above 
combination, being, in point of 
fact, a mechanical equivalent 
for it. 

The roller p is then con- 
nected with levers attached to 
the batten, and the beat-up 
occurs when p passes through 
the hollows upon each sidei of the projecting portion of its 
path upon the plate. 

152. The invention of counting wheels is due to the 
celebrated Cavendish, who constructed a piece of apparatus 
for registering the number of revolutions of his carriage 
wheel, which may be seen in the Museum of George III. 
at King's College. 

There is but one guiding principle in this branch of 
mechanism, however varied may be the details of the 
separate parts. 

Each wheel of a series, A, b, c, &c., possesses ten pins or 
teeth, and it is contrived that one tooth only of c shall be 
sufficiently long to reach those of b ; similarly, b is provided 
with one long tooth which is capable of driving a. 




162 



ELEMENTS OF MECHANISM. 



Thus c goes roand ten times while b makes one 
revolution, and so on for the other wheels ; in this way 
the series is adapted for counting units, tens, hundreds, 
thousands, &c. 

In Fig. 204 the arm e f imparts rotation to the first 
wheel by the a^^sistance of the click h d; the number 
registered is 988 : after two vibrations of the arm the zero 
of c will reach the highest point, the tooth p will drive b 
through the space of one tooth ; and the number registered 
will be 990 ; after ten more vibrations of the arm, p will 
again advance b, and at the same instant Q will move a, 

Fig. 204. 




and will bring its zero up to the highest point : the three 
wheels will now register 000, having passed the number 
999, which is the last thej can give us. 

A small counting apparatus is attached to every gas 
meter used in houses, and registers the number of cubic 
feet of gas consumed ; here, however, the step by step 
motion is not employed, the dial plates are fixed, and a 
separate pointer travels round each dial respectively. 

The pointers are placed upon the successive axes of a 
train of wheels, composed of a pinion and wheel upon each 
axis, the number of teeth on each wheel being ten times 
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that on the pinion which drives it Suppose, for example, 
that the pointer on the plate registering thousands completes 
a revolution and adds ten thousand to the score, its neighbour 
on the left will have moved over one division on the dial 
registering tens of thousands, and thus an inspection of the 
pointers throughout the series will at once indicate the 
consumption of the gas. 

As we are only concerned with the counting apparatus, 
it is not necessary to explain the manner in which the flow 
of gas through the meter sets the train of wheels in motion. 

Where it is intended to print the figures registered, as in 
the numbering of bank-notes, the step by step motion is 
essential, and further, each wheel must carry the letters 
upon its edge, and not upon the face ; the apparatus em- 
ployed is the same in principle as that of Cavendish, but the 
construction differs, the wheels being placed side by side, 
and close together. 

One principal feature in this contrivance is the reduction 
in motion caused by the single driving tooth. Now, we 
have already seen that an endless screw is equivalent to a 
wheel with one tooth ; we shall therefore be prepared to 
find that an endless screw is useful in mechanism of this 
character, and we meet with it in an ingenious combination 
known as the differential worm wheel and tangent screw, 
which may be noticed very briefly. 

Two worm wheels, differing by one tooth in the number 
which they carry, are placed side by side and close together, 
8o as to be capable of engaging with an endless screw. 
As the wheels are so very nearly alike, the endless screw 
can drive them both at the same time, and it is evident 
that one wheel will turn relatively to the other through the 
space of the extra tooth in a complete revolution, and 
that a very slow relative motion will thus be set up. 

In this way, if one wheel carries a dial plate, and the 
other a hand, we may obtain the record of a very large 
number of revolntioDs of the tangent screw. 

x2 
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153. SaxtofCs Differential PuUeys were patented in 
1832, with a view of obtaining great speed in railway 
carriages propelled by a rope ; bj the use of this invention 
the consumption of the rope, proposed to be wound up at a 
stationary engine house, would be much less than if the 
carriage were attached in the ordinary way. 

Let two wheels of different diameters (say as 6 to 7) be 
centred on a common axis at c (Fig. 205) and be fastened 

fig. 905. 




together, and let an endless rope be wound round the wheels 
and pass over pulleys at e and f in the manner shown in 
the diagram, the rope taking a turn round each of the 
pulleys. 

Conceive now a pull to be exerted on the rope at b in the 
direction b e, then the tension of the string will cause an 
equal and opposite pull to rise at a in the direction A f, 
and thus the compound pulley has a tendency to turn about 
D, the middle point of a b. 

This tendency in the pulley to turn about the point d 
causes the linear motion of c to be very much greater than 
that of any point in the rope ; for example, when b moves 
through a small space, b ^, c will advance through c c, which 
upon our supposition is thirteen times as great, so that 
when one yard of rope is wound up the carriage will have 
travelled through 13 yards. 

The carriage may be at once stopped by disconnecting 
the pulleys. 
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164. Step Wheel* constitute a modification of toothed 
wheels ; thej are due to Dr. Hooke, and are used to en* 
sare aa mooth action in certain combinations of wheeU 
work. 

' It is evident that the action of two wheels npon each other 
becomes more even and perfect when the number of teeth 
is increaEed, but that the teeth at the same time become 
weaker and less able to transmit great force. 

Dr. Hooke's invention overcomea the difficult, and 
virtually increases the number of teeth without diminishing 
their strength. 

Several plates or wheels are liud upon one another so as 
to form one wheel, and the teeth of each succeeding plate 
are set a little on one side of the preceding Fig.ios. 
one, it being provided that the last tooth 
of one group shall correspond within one ^4^^^ 
step to the first tooth of the next group. — '^~' 
The principal part of the action of two teeth 
occurs just as they pass the line of centres, 
&nd there are now three steps instead of one 
fVom tooth A. to the tooth b. (Fig. 206.) 

A single oblique line might replace the 
Bteps, but we should then introduce a very objectionable 
endlong pressure upon the bearings of the wheels. 

1S5. Rolling Curvet have been employed to vary the 
relative angular velocity of two revolving pieces. 

The guiding proposition connected with this subject is 
the following:— Fi«. m. 

Prop. Where two 
curved plates, cen- 
tred upon fixed axes, 
roll together, the 
point of contact \ 
must always lie in 
the line of centres. 

Let two such plates be centred at x and c, and suppose 
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Fig. 208. 



that p and q represent two points which will be in contact 
when the curves roll. (Fig. 207.) 

Then p describes a circle round a as the plate revolves, 
and Q describes a circle round o ; hence p and q will come 
into contact whenever these circles meet each other. Now 
p and Q onlj meet once in one revolution, and therefore the 
circles can onlj meet once, i.e. thej touch each other. But 
the circles can only touch in the line a c, therefore the point 
of rolling contact must lie in a c. 

Cor, This is equivalent to saying that a p + c Q = a 

constant quantity. Further than this, the curves will have 

a common tangent at the point where they roll upon each 

other. 

Ex, Two equal ellipses which are 

centred on opposite foci will roll 
together. 

It is the property of an ellipse 
that the tangent at any point P 
makes equal angles with the focal 
distances s p and h p, and again 
that the sum of the lines s p and 
H p is a constant quantity. (Fig. 208.) 

The two equal ellipses centred upon opposite foci are 
represented in contact at p. (Fig. 209.) 

Fig. 209. I^et p T be the tangent 

to the ellipse a at p, and 
p t the tangent to the 
ellipse B at p. 

Then 8PT = ^PHby 
the property above stated, 
.*. T p ^ is a straight line, 
or the curves have a com- 
mon tangent at the point p, 
also s p + H p =: a constant quantity, and the two con- 
ditions of rolling are fulfilled. 
156. In practice rolling curves must be provided with 
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teeth upon the retreating edge, otherwise the driver would 
leave the follower, and the revelation would not he com- 
pleted. (Fig. 210.) 

As is usual in all cases where segmental wheels are 
employed, a guide must direct the teeth to the exact 
point where thej commence to engage each other. 

The guide may be dispensed with by carrying the teeth 
all round the curves : this construction is usually adopted 
in practice, although, strictly speaking, it destroys the 
rolling action entirely. Fig. 210. 

157. A quick return of the 
table in small planing machines ^ ^^y 

is effected by the aid of rolling I V^ 

ellipses. 

The table is driven by a crank 
and connecting rod, and the crank 
exists under the form of a flat 
circular plate, centred on one of 
the foci, and having a groove 
radiating from the axis as a line 
of attachment for one end of the connecting rod. As the 
plate may be set in any position upon the elliptical wheel, 
we propose to inquire what will be the effect of a change 
of direction in the groove 
or crank. 

Let the ellipses have the 
position shown in Fig. 211, 
8 and H being the centres of 
motion, and s p h Q being 
J_' to A a, the axis of one 
ellipse. Draw p r J. ' dc^ and 
let the ellipse d b cf p be the 
driver, rotating in the direc- 
tion of the arrow. 

While p cf R is rolling 
upon P a Qy the ellipse a a makes half a revolution ; and 




Fig. 211. 
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irbile bd p is rolling upon Q A r, it mkkes the remaining 
half revolution. ' 

Suppose D (j to revolve aniforml;, then the times of a 
half revolution of as will be in the same proportion to each 
other as the angle f a B to the angle 360 — p 8 b. The 
quick half revolution occurs when the shaded segments are 
rolling upon each other. If, therefore, the table be made 
to move in the line h s produced, and tbe crank be placed 
In a direction X' A a, wo shall obtain the greatest possible 
difference between the periods of advance and return. 

The practical difficult; with rolling wheels exists during 
that part of tbe revolution where the driver tends to leave 
the follower, and it can only be obviated by making thft 
teeth unusuall; deep. 

158. An instance of rolling curves is exhibited in Fig. 
212, and occurred inone of the many attempts made to 
improve the printing press before 
the invention of Mr. Cowper en- 
abled tbe newspapers to com- 
mence a real and vigorous ex- 
stence. 
The type was placed upon 
; each of the four flat sides ot « 
rectangular prism to which the 
wheel B corresponded in shapes 
and the psper was passed on to 
a platten corresponding in form 
and size with the pitch-line of 
tbe wheel a. 

The prism and platten being 
in the same relative position as 
tbe wheels B and A, we cao qd- 
derstand that the type would 
be in the act of impressing tbe 
paper while the convex edge of 
tbe wheel A rolled upon the flat side of B, and that Id this 
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way we should obtain four impressions for each revolution 
of the wheels. 

B7 this construction, the patentees, Messrs. Bacon and 
Donkin, intended to introduce the principle of continuous 
rotation as opposed to the reciprocating movement in a 
common press, and the object of imitating exactly upon the 
wheels a and b the form of the printing prism and of the 
platten, was to ensure that the paper and type should roll 
upon one another with exactly equal velocities at their 
opposing surfaces, and that no slipping or inequality of 
motion should destroy the sharpness of the impression. 

169. Hookers Joint is a method of connecting two axes, 
whose directions meet in a point, 
in such a manner that the ro- 
tation of one axis shall be com- 
municated to the other. 

A B and c D (Fig. 213) re- 
present two axes whose di- 
rections meet in the point o ; 
the extremities of a b and c d 
terminate in two semicircular 
arms which carry a cross, 

p Q 8 B ; the arms of this cross are perfectly equal, and the 
joints p, Q, 8, and b permit the necessary 
freedom of motion. 

As the axis a b revolves, the points p and q 
describe a circle whose plane is perpendicular 
to A B, and at the same time s and r describe 
another circle whose plane is perpendicular 
to c D. 

These two circles are inclined at the same 
angle as the axes, and are represented in 
Figure 214; thus the point p starts from p and moves in 
the circle p p^ Q, while the point b starts from b and 
describes the circle b b' Q* 

Let o p'y o b' be corresponding positions of the two 
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arms ; the p' r' is constant, but changes its inclination at 
every instant, and as a consequence the relative angular 
velocities of o p' and o r' are continually changing. 

To find the relative angular velocities of the axes A b 
and c D, we proceed as follows : — 

Let the circle p r q (Fig. 215) represent the path of p, 
p t q being the projection upon this circle of the path of R, 
and suppose B to be tlie angle between A b and c d ; then 
the dimensions of the curve p tq^ which will be an ellipse, 
can be at once deduced from the equation o ^ = o r cos 6. 

Draw R »j ±' o r, then r m will be the actual vertical 
space through which r has descended while o p describes 
the /.pop. But the path of R is really a circle, and 
only appears to be an ellipse by reason of its projecting upon 

Fig. 215. Fig. 816. Fig. JllT. 






a plane inclined to its own plane ; in order, therefore, to 
estimate the actual angular space through which o R has 
moved, we must refer this motion to the circle which r 
really describes (Fig. 216), and thus by making r' m' = r nt, 
we shall find that m' o r' will be the angle which o R 
describes while o p moves through the angle /i o p. 

We may represent the motion of both axes upon one 
diagram by combining the ellipse p 'R q with the circle 
p r r'; if we then draw n R r' ±.^ po q and join o R, o R^^ 
it will be easy to see that the angles r o r, r' o r, are 
those described in the same time by the axes a b and o d. 
(Fig. 217.) 
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Hence the axes a b, c d revolve together, bat unequally, 
and the angles which they describe in the same time will 
be at once apparent upon referring to the positions of o R, 
o r' at anj period of the motion. 

Furthermore, o R and o r' coincide when r is at the end 
of an axis of the ellipse ^ R ^, an event which happens four 
times as the cross goes round once, and there is therefore 
this curious result, that however unequal maj be the rate 
at which the axes are at any time revolving, they will 
nevertheless coincide in relative position four times in one 
revolution. 

Dr. Hooke's universal joint may often be very useful in 
light machinery which is required to be moveable, and the 
parts of which do not admit of very accurate adjustment; 
but it will be understood that the friction, and especially 
that irregularity which we have just proved to exist, would 
render it necessary to confine the angle between the shafts 
within narrow limits in actual practice. 



THE END. 
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EISTOBICAL and CHSONOLOOICAL ENCYCLOPJEDIA, presenting 
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[/» th* press. 

HISTOBY of CHBI8TIAH MISSIONS; their Agents and their Results 
By T. W. M. Mabshall. a vols. 6vo. 24f . 
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Barrister-at-Law ; and William Pole. P.B.8. Memb. Inst. Civ. Eng. 
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DIARIES of a LADY of QTTALITY, from 1797 to 1844. Edited, with 
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Dissertations and Discnssions. By the same Author. 2 vols. 8vo. 
price 245. 

On Liberty. By the same Author. Third Edition. Post 8vo. 7s. 6d, 

Principles of Political Economy. By the same. Fifth Edition. 
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A System of Logic, Ratiocinative and Inductive. By the same. 
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late Archbishop of Dublin. Sixth Edition. 8vo. lOs. Cd. 

ELEMENTS of LOGIC. By R. Whately, D.D. late Archbishop of 
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Dean of Christ Church, and B. Scoxr, D.D. Master of BallioL Fifth Edition. 
Urowti 4to. 31s. dd. 

A Lexicon, Greek and English, abridged from Liddell and Scott's 
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An IKTRODTTCTIOK to MENTAL PHILOSOPHY, on the Inductive 
Method. By. J. D. Morell, M.A. LL.D. 8vo. 12*. 
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boldt. Translated under the superintendence of Major-General E.SABnrx, 
&JL. SrclSff. 

The WEATHEB-BOOK; a Manual of Practical Meteorologj. By 
Rear-Admind Bobsbt Fitz Bot» RJT. F.BJ3. Third Bdition, with 1€ 
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in the University of Oxford. Fifth Edition; with Plates and Diagrams. 
Pep. 8vo. 4*. 

A GLOSSARY of MINERALOGY. By H. W. Bristow, F.G.S. of 
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THE ALPS: Sketches of Life and Nature in the Monntains. Bj 
Enron H. Vox Beblepsch. Translated by the Bev. L. Stbpheit, M JL 
With 17 Ulustrations. 8ro. 16«. 

The SEA and its LIYDTO WOKDEBS. By Dr. 6. Hjlrtwio. 

Second (English) Edition. 8vo. with many Illustrations. 18«. 

The TBOPICAL WOBLS. By the same Author. With 8 Chromo- 
zylographs and 172 Woodcuts. 8vo. 2U. 

SXETCHES of the NATTTEAL HISTOET of CETLOK. Bj Sir J. 

Emebson Teknbkt, K.C.8. LL.D. With 82 Wood Engravings. Post 8vo. 
price lls.ad. 

Ceylon. By the same Author. 5th Edition ; with Maps, &c. and 90 
Wood Engravings. 2 vols. 8vo. £i lOf. 

KAEVELS and MYSTEEIES of IKSTIHCT ; or, Curiosities of Animal 
Life. By G. Gabbatt. Third Edition. Fcp. 8vo. 7». 

HOME WALKS and HOLIDAT EAMBLES. By the Bev. C. A. 
Johns. B.A. F.L.S. Fcp. 8vo. with 10 Illustrations, 6». 

KIEBT and SPENCFS IHTEOBUCTION to ENTOMOLOOT, or 

Elements of the Natural History of Insects. Seventh Edition. Crowu Svo. 
price 6s. 

XAUNBEE'S TEEASTJET of NATTTEAL HISTOET, or Popular 
Dictionary of Zoolofcy. Revised and corrected by T. S. Cobbold. M.D, 
Fcp. Svo. with 900 Woodcuts, 10». 

The TEEASTJET of BOTAKT, on the Flan of Maunder's Treasury. 
By J. Lindley, M.D. and T. Moobe, F.L.S. assisted by other Practical 
Botanists. With 16 Plates, and many Woodcuts from designs by W. H. 
Fitch. Fcp. 8vo. lln the press. 

The EOSE AHATETJE'S GUIBE. Bj Thomas Biters. 8th Edition. 
Fcp. Svo. 4s. 

The BEITISH FLOEA; comprising the PhsBnoframous or Flowering 
Plants and the Ferns. By Sir W. J. Hookkb, K.H. and G. A. Wai.keb 
Abkott, LL.D. 12mo. with 12 Plates, 14«. or coloured, 2ls. 



BETOLOGIA BEITAinnCA; containing the Mosses of Great Britain 
and Ireland, arranged and described. By W. Wilson. Svo. with «1 Plates 
42«. or coloured, £4 4s. 

The nn)OOB OAEBEITEB. By Miss Malino. Fcp. Svo. with 
coloured Frontispiece, Us. 

LOTTBOITS ENCTCLOPJEBIA of PLANTS; compri^n^: the Specific 
Character. Description, Culture. History, &c. of all the Plants found in 
Great Britain. \\ ith upwards of 12,000 Woodcuts. Bvo. £i ISs. 6d. 

London's Encyclopaedia of Trees and Shmbs ; containing the Hardy 
Trees nnd Shrubs of Great Britain scientifically and popularly described. 
With 2.000 Woodcuts Svo. 60*. 

HISTOET 01 the BEITISH FEESHWATEE ALOJE. By A. H. 
HA88ALL, }d.D. With 100 Plates of Figures. 2 vols. Svo. price £il5«. 
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KATJNDES'S SCIEKTIFIC and LITESAET TBEA8TJBT ; a Popular 
£ncyclopa?dia of Science, Literature, and Art. Fcp. 8vo. \0s. 

A BICTIONABT of SCIENCE, LITEEATUBE and ABT ; comprising 
the History. Description, and Scientific PriuciplcH of every Branch of 
Hunian Knowledge. Edited by W. T. Brande, F.B.S.L. and E. Fourth 
Edition, revised and corrected. [/« ttic press. 

ESSAYS on SdENTIFIC and other SUBJECTS, contributed to tho 
Edinburgh and Quarterly Reviews. By Sir H. Holland, Bart. M.D. 
Second Edition. 8vo. 14«. 

ESSATS from the EBINBTJBGH and QUABTEBLT BEVIEW8; 

with Addresses and other pieces. By Sir J. F. W. Hebbchel, Bart, M.A. 
8vo. 18». 



Chemistry^ Medicine^ Surgery^ and the Allied 

Sciences, 

A BICTIONABT of CHEimSTBT and the Allied Branches of other 
Sciences ; founded on that of the late Dr. Ure. By Henky Watts, F.C.S. 
assisted by eminent Contributors. 4- vols. 8vo. in course of publication in 
Monthly Parts. Vol. 1. 31«. (k/. and Vol. 1L 2Qs. are now ready. 

HANDBOOK of CHEICICAL ANALYSIS, adapted to the Unitary 
Systvm of Notation: Based on Dr. H. Wills* Anleiiung zur rhemischen 
Analyse. By F. T. Comngtox, M.A. F.C.S. Post 8vo. Is. 6d.— Tables of 
Qualitative Analysis to accoujpany tho same. 2s. Qd. 

A HANDBOOK of VOLUMETBICAL ANALYSIS. By Robert H. 
Scott, M.A. T.C.D. Post 8vo. 4a. 6d. 

ELEMENTS of CHEMISTBY, Theoretical and Practical. By William 
A. Miller, M.D. LL.D. F.R.S. F.G.S. Professor of Chemistry, King's 
CollcKc, London. 3 vols. 8vo. £i lis. Part I. Chemical Physics. 
Third Edition enlar^fed, 125. Part II. Inorganic Chemistry. Second 
Edition, 20«. Part III. Organic Chemistry. Second Edition, 209. 

A MANUAL of CHEMISTBY, Descriptive and Theoretical. By 
William Odling, M.B. F.R.S. Lecturer on Chemistry at St. Bartholo- 
mew's Hospital. Part 1. 8vo. 9*. 

A Course of Practical Chemistry, for the ns'^ of Medical Students. 

By the same Author. Part I. crown 8vo. with Woodcuts, 4s. Gel. Part II. 
(completion) just ready. 

The BIAONOSIS and TBEATMENT of the BISEASES of WOMEN ; 

including the Di^nosis of Pregnancy. By Graily Hewitt, M J). Physician 
to the British Lying-in Hospital. 8vo. 1A«. 

LECTUBES on the BISEASES of INFANCY and CHILBHOOB. By 

Charles West, M.D. Ac Fourth Edition, revised and enlarged. 8vo. 14». 

EXPOSITION of the SIGNS and SYMPTOMS of PBEONANCY: 

with other Papers on suhjeots connected with Midwifery. By W. F. 
Montgomery, M.A. M.D. M.R.I..V. 8vo. with Illustrations, 25«. 
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A 8T8TEM of 8UB0EBT, Theoretical and PlracticaL In IVei^tises 
by Tarious Authors, arranged and edited by T. Holmm^ ILA. Ovitab. 

Assistant-Sutgcon to St. George's HospitaL 4 vols. 8vo. 

YoL I. Goneral Pathology. 21«. 

Vol. n. Loeal Ixgoriei— Diieaiei of the Eye. 2U. 

ToL m. Operative Snrgery. Diseaies of the Organi of 4p6elal 

Souse, Respiratioii, Circulation, Locomotion atui Innenration. tls, 

Yol. lY. Diseases of the Alimentary Canal, of the Urino-gesitary 
Orcans, of the Thyroid, Mamma and Skin ; ttilih Appendix of Miscellaneous 
Sul^cctB, and General Index. lHarly in October. 

LECTTTEEB on the FBIKCIFLES and PEACTICE of FE78IC. By 

TnoMAS Watson, M.D. Physician-Extraordinaiy to the Queen. Fourth 
Edition. 2 volii. 8vo. 31*. 

LEGTUBE8 on BTJBOICAL FATHOLOOY. By J. Paget, F.RS. Sur- 
geon-Extraordinary to the Queen. Edited by W. Turneb, M3. 8\-o. with 
117 Woodcuts, 2U. 

A TREATISE on the CONTINTIEB FEYEB8 of OEEAT BBXIAIK. 

By 0. MuRCHisoir, M.D. Senior Pbysiciaa to the London Ferer HosiiitaL 
8vo. with coloured Plates, 18«. 

DEMONSTRATIONS of mCROSCOFIC ANATOMY ; a Goide to the 

Examination of the Animal Tissues and Fluids in Health and Disease; for 
the u»e of the Medical and Voterinarr Professions. Pounded on a Ooursc of 
Lectures delivered by Dr. Harley, Prof, in Univ. Coll. London. Edited by 
O. T. Brown, late Vet. Prof, in the Royal Agric. Coll. Cirencester. 8to. 
with Illustrations. INeari^ read^. 

ANATOMY, DESCRIFTIYE and SURGICAL. By Hbitrt Obat, 

F.R.S. With 410 Wood Engravings from Dissections. Third Edition, by 
T. Holmes, M. A. Cantab. Royal 8vo. 28ff. 

FHYSIOLOOICAL ANATOMY and FHY8I0L0OY of MAN. By the 

late R. B. Todd, M.D. F.R.8. and W. Bowman, FJLS. of King's College. 
With numerous Illustrations. Vol. IL 8vo. 25«. 

A New Edition of the FIRST YOLUME, by Dr. Lionel S. Bbalb, 

is preparing fur publication. 

The CYCLOFJEDIA of ANATOMY and PHYSIOLOGY. Edited by 

the late R. B. Todd, M.D. F.RJS. Assisted by nearly ail the most eminent 
cultivators of Physiological Science of the present age. 5 vols. 8vo. with 
2,853 Wootlcuts, £<•• to. 

A DICTIONARY of PRACTICAL MEDICINX. By J. Copland, M.D. 
F.R.S. Abridged fTom the larger work by tlie Author, assisted by J. C. 
Copland, l vol. 8vo. [/» the press. 

Dr. Copland's Dictionary of Practical Medicine (the larger work). 

* 8 vols. 8vo. £5 lis. 

The WORKS of SIR B. C. BRODIE, Bart. Edited by Charles 
Hawkins, F.R.C.S.G. 2 vols. Svo. [/» the press. 
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XSDICAL NOTES aad EEFLECTION 8. By Sir H. Holland, Bart. 
M.D. Third Edition. 8to. 18f. 

HOOPEB'S KEBICAL BICTIONABT, or Encyclopsedia of Medical 
Science. Ninth Edition, brought down to the present time, by Albz. 
Hbnbt, M.D. 1 vol. 8to. [i» the press. 

A KANUAL of KATEBIA HEBICA and THEBAPETTTIC8, abridged 
from Dr. Peheida's Elements by F. J. Fabrb, M.D. Ouitab. aisistod by 
B. Bbhtlsy, H.R.C.S. and by B. Wabbirgton, F.CJ3. 1 vol. 8vo. 

Br. Pereira's Elements of Materia Medica and Therapeutiei, Third 
Edition. By A. S. Taylor, M.D. and G. O. Eeeu. M.D. 3 vols. Svo. with 
uomcroui Woodcuts, £;} ]G«. 



The Fine Ai^^ and Illustrated Editions. 

The NEW TESTAMENT of OUB LOBB and SAYIOBB JESUS 
CHRIST. Illustrated with numerous Enfrravings on Wood from the OLD 
MASTERS. Crown 4to. price 63jr. cloth, gilt top; or price £5 5«. elegantly 
bound in morocco. [/» October. 

LTBA OEBMANICA ; Hymns for tho Snndays and Chief Festivals of 
the Christian Year. Translated l)y Catherine Winkwobth: 125 lllus> 
trations on Wood drawn by J. Leighton, F.S.A. Fcp. 4to. tis. 

CATS* and EABLIE'S MOBAL EMBLEMS ; with Aphorisms, Adages, 
and Proverbs of all Nations: comprising 121 Illustrations on Wood by J. 
LEianTo:r, F.S.A. with an appropriate Text by R. I'igoXT. Imperial Svo. 
'ils. Qd. 

BUNYAN'S PILeBUrS PBOOBESS : with 126 IllustratioDS on Steel 
and Wood by C. Bennett ; and a Preface by the Rev. C. Kinosley. Fcp. 
4to. 2.\8. 

The HISTOBT of OUB LOBB, as exemplified in Works of Art : 
with that of His Types. St. John the Baptist, and other Persons of the Old 
and Now Testament. By Mrs. Jameson and Lady Eastlake. Being the 
Fourth and concluding Series of * Sacred and Logcndaiy Art;' with SI 
Etchings and 2dl WoodcutM. 2 voU. square crown Svo. 42s. 

In the same Series, by Mrs. Jameson. 

Legends of the Saints and Martyrs. Fourth Edition, with 19 
Etchings and 1S7 Woodcuts. 2 vols. 31«. td. 

Legends of the Monastic Orders. Third Edition, with 11 Etchings 

and S8 Woodcuts. 1 vol. 21«. 

Legends of the Madonna. Third Edition, with 27 Etchings and 165 

Woodcuts. 1 vol. 21«. 



Arts^ Manufactures, ()r. 



ENCYGLOP.&BIA of ABCHITECTUBE, Historicnl, Theoretical, and 
Practical. By JosEPU Gwilt. With more than 1,000 Woodcuts. Svo. 42*. 
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TTJSCAIT SGULFTOBS, their Liyes, Works, and Timet. With nias- 
trations from Ori^nal Drawings and Photographs. By Charlbs C. 
Perkins. 2 ?oIs. imperial Sro. lln the press. 

The ENOIKEEB'S HANDBOOK; explainine; the Principles which 
should guide the youn^ Engineer in the Construction of Machinery. By 
C. S. LowsD^B. Post 8vo. 68, 

The ELEMENTS of MECHANISM, for Students of Applied Mechanics. 
By T. M. Goods VE, M.A. Professor of Nat. Philos. in King's CoU. Loudon. 
With 206 Woodcuts. Post 8vo. 69. 6d, 

TJBE'S DICTIONART of ARTS, MANITPACTURES, amd MINSS. 

Re-written and enlarged hy Robert Hunt, F.R.8. nssisted hy numerous, 
f^entlcmen eminent in Science and the Arts. With 2,000 Woodcuts. 3 toIs. 
8vo. £4. 

ENCTCL0P2DIA of CIVIL ENGINEERING, Historical. Theoretical, 
and Practical. By E. Cresy, C.E. With above S.OOO Woodcuts. 8to. 42s. 

TREATISE on MILLS and MILLWORK. By W. Faihbairn, C.E. 
F.B.S. With 18 Plates and 322 Woodcuts. 2 vols. 8to. 32«. or each toL 
sei>arately, 1G«. 

Useful Information for Engineers. By the same Author. First 
and Second Series, with many Plates and Woodcuts. 2 vols, crown Sva 21s. 
or each vol. separately, 10«. 6d. 

The Application of Cast and Wrought Iron to Building Purpoiei. 

By the same Author. Third Edition, with Plates and Woodcuts. 

INeaHif ready. 

The PRACTICAL M£CHANIC*8 JOURNAL: An Tlustrated Record 
of Mechanical and Engineering Science, and Epitome of Patent Inventions. 
4to. price Is. monthly. 

The PRACTICAL DRAUGHTSMAN'S BOOK of INDUSTRIAL DE^ 

SIGN. By W. Johnson, Assoc. Inst. C.E. With many hundred Illustrations. 
4to. 2»s. ed. 

The PATENTEE'S MANUAL ; a Treatise on the Law end Practice of 
Ix^tters Patent for the use of Patentees and Inventors. By J. and J. H. 
Johnson. Post 8vo. 7s. Qd. 

The ARTISAN CLUB'S TREATISE on the STEAM ENGINE, in ito 

various Applications to Mines, Mills, Steam Navigation, Railways and Agri- 
culture. By J. BoUENE, C Ji;. Fifth Edition ; with 37 Plates and 546 Wood- 
cuts. 4to. 42«. 

A Catechism of the Steam Eng^e, in its various Applications to 
Mines. Mills. Steam Navigation, Railways, and Agriculture. By the same 
Author. With 80 Woodcuts. Pep. 8vo. 6*. 

The 8T0RT of the GUNS. By Sir J. Emerson Temnbmt, K.CS. 
P.R.S. W*ith 33 Woodcuts. Post 8vo. 7». 6d. 

The TBCEORT of WAR Illnfitratcd by numerous Examples from His- 
tory. By Liout..Col. P. L. MacDougall. Third Edition, with 10 Plans. 
Poet 8vo. 109. 6<i. 
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C0LLIEEIE8 and COLUEBS; A Handbook of the Law and leading. 
Cases relating thereto. By J. C. Fowleb, Barristcr>at-Law. Fcp. 8to. 6f. 

The ABT of PEBFTJKSBT ; the History and Theory of Odours, and 
the Methods of Extracting the Aromas of PUnts. By Dr. FiBSSB, F.G.S. 
Third Edition, with 6S Wocdeuts. Crown 8vo. lOs. 6d. 

Chemical, Natural, and Physical Magic, for Juveniles during the 
Holidays. By the same Author. With 30 Woodcuts. Fcp. 8to. 3s. 6d. 

The Laboratory of Chemical Wonders: ^ Scientific Melange for 
Young People. By the same. Crown 8to. 5s. Qd. 

TALFA; or the Chronicles of a Clfty Farm. By C. W. Hobktks, 
Esq. With 24 Woodcuts from Designs by G. Cruiksuane. 16rao. 5s. Qd. 

H.B.H. the PRINCE CONSOBTS FABK8: An Agricultural Memoir. 
By John Cuaxmers Mobton. Dedicated by pemiissiou to Her Majesty 
the Queen. With 40 Wood Engravings. 4to. 52«. 6d. 

Handbook of Farm Labour, Steam, Water, Wind, Horse Power, 
Hand Power, &c. By the same Author. 16mo. Is. 6d. 

Handbook of Dairy Husbandry; comprising the General Manage- 
ment of a Dairy Farm, Ac. By the same. 16mo. Is. dd. 

LOUDON'S ENCYCLOPJEDIA of AGBICULTTTBE : comprising the 
Laying-out, Improvement, and Management of Landed Property, and the 
Cultivation and Economy of the Productions of Agriculture. With 1,100 
Woodcuts. Svo. 31«. 6d, 

Loudon's Encylopsedia of Gardening: Comprising the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gar- 
dening. With l.OOU Woodcuts. Svo. SU. Qd. 

Loudon's Encyclopaedia of Cottnge, Farm, and Villa Architecture 
and Furniture. With more than 2,0iM) Woodcuts. Svo. 4&s. 

mSTOBT of WIND80B GBEAT PABK and WINDSOB F0BE8T. 

By William Mbnzies, Resident Deputy Surveyor. Dedicated by per- 
mission to H. M. the Queen. With 2 Maps, and 20 Photographs by the 
Earl of Caithness and Mr. Bembbidoe. Imperial folio, £8 8«. 

BATLDON'S ABT of TALTJING BENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady-Daj. 
Eighth Edition, adapted to the present time by J. C. Mobton. 



Religious and Moral Works, 

An EXPOSITION of the 39 ABTICLES, Historical and Doctrinal. 
By £. Habold Bbownb, D J). Lord Bishop of Ely. Sixth Edition, Svo. 16f . 

The Pentateuch and the Elohistic Psalms, in reply to Bishop Colenso. 
By the same Author. Svo. is. 

Examination Questions on Bishop Browne's Ezpoiition of the 
Articles. By the Bev. J. Goble, M.A. Fcp.3«.6d. 
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FIVE LECTURES on tlie CHAEACTSR of ST. PAUL; being the 
Hulsean Lectures for IB&L By the Rer. J. S. Howsov, DJ). Beoond 
Edition. 8vo. 9«. 

A CRITICAL and ORAIDEATICAL COKMEirTABY om ST. PAITL'S 
Epistles. By C. J. Bllicott, B J). Lord Bishop of Glouoester and BristoL Sro. 

GnlntUnf, Third Edition, 8«. ed, 

Sphesiani, Third Edition, 8«. 6dL 

Pastoral Epistles, Second Edition, lOs. Bd, 

Philippians, Colossians, and Philemon, Second Edition, lOf. 6dL 

Thossalonians, Second Edition, 78. 6<i 

Historical Lectnres on the Life of onr Lord Jesns Christ : being the 
Hiilsean I/ectiires for 18S9. By the same. Third Edition. Sro. lOs. 6d. 

The Destiny of the Creature; and other Sermons preached before 
the University of Cambridge. By the uamc. Post Svo. fts. 

The Broad and the Harrow Way; Two Sermons preached before 
the University of Cambridge. By the same. Crown 8vo. 2s. 

Rey. T. E. H0RKF8 INTRODUCTION to the CRITICAL STITDT 

and Knowledge of the Holy Scriptures. Eleventh Edition, correeted and 
extended under carorul Editorial revision. With 4 Mi^is and SS Woodcuts 
and Facsimiles. 4 vols. Svo. £3 13s. 6d. 

Rer. T. E. Horae's Compendioas Introdnotien to the Study tf the 

Bible, being an Analysis of the terser work hr the same Author. Re-edited 
by the Bcv. Jonn At&e, M.A. With Maps. &c. Post 8va 9«. 

The TREASTJRT of BIBLE KNOWLEDGE, on the Plan of Mannder's 
Treasuries. By the Bev. Jomi Atbs, M JL Fcp. Svo. with Mapv and lilus- 
trations. [/» the f/rmt. 

The ORSEK TESTAIEENT ; with Notes, Grammatical and Exesetical. 
By the Rev. W. Wbbstee, M.A. and the Rev. W. F. Wilki580V, MJu S 
vols. Svo. £i U, 

Vol. L the Gospels and Acts, SOs. 

Vol. IL the Epistles and Apocalypse, 24f. 

The FOUR EXPERIMENTS in Church and State ; and the Conflicu 
of Churches. By Lord Robert Moktaou, M.P. Svo. 12s. 

EVERT-DAT SCRIPTURE DIFFICULTIES explained and illustrated; 
Gospels of St. Matthew and St Mark. By J. £. Pjibscott, M.A. late 
Fellow of C.C. Coll. Cantab. 8vo.9». 

The PENTATEUCH and BOOK of JOSHUA CriticaUy Examined. 
Bj J. W. CouEiTBO. DJ>. Lord Bishop of Natal. PAaT I. tk0 PmUatsmek 
t^amined a» an Historical Narrative. 8va 6s. Part IL ihs Am and 
Aniharthip qf the Pentateuch Considered, 7s. Qd. Part ill. the Book t^ 
Deuteronomy, Sa. Part IV. the First ll Chapters </ Geuesis ejpmsuned amd 
ttparaUd, wW^ Semarks on the Creation, the FaU, and the Defngs, 10s. 9d, 
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Tlie LITE and EPISTLXS of 8T. PAUL. By W. J. Coiitbbark, 

M.A. late Fellow of Trin. Coll. Cantab, and J. 8. Howsov, D.D. Principal of 
tho Collegiate Inatitution, Liverpool. 

LiBHABY Edition, with all the Original mustrationa, Mapa, Landioapes 
on Steel, Woodcuts, Ac. 2 vols. 4to. 4Ss. 

Inters EDI ATE Edition, with a Selection of Maps, Plates, and Woodcats. 
2 vols, square crown 8vo. Us. Gd. 

People's Edition, revised and condensed, with 46 Uluatr a tioua and 
Maps. 2 vols, crowu 8yo. lis. 

The Y0YA6E and 8U1PWBECK of ST. PATTL; with Dissertatimis. 
on the Shii)H and Navigration of the Ancients. By Jambs Smith, P.R.S* 
Crown 8vo. Charts, 8«. fid. 

HIPP0LTTTJ8 and his AGE; or, the Beginnings and Prospects of 
Christianity. By Baron Bunsen, D.D. 2 vols. 8va 30«. 



Ontlines of the Philosophy of TfniTersal History, applied to Lan- 
RUftge and Religion : Containing an Account of the Alphabetical Coi^Brencos. 
By the same Author. 2 vols. 8vo. 83«. 

Analeota Ante-Nicsma. By the same Author. 3 vols. Svo. 42«. 



THEOLOOIA OERKANICA. Translated by Susamhaii Winkwostii: 
with a Preface by the Rev. C. Kingslet ; and a Letter by Baron Bunsen. 
Fcp. Svo. 6». 



INSTBUCTIONS in the BOCTBINE and PBACTICE of CEBIS- 

tianity, as an Introduction to Confin 
Lord Bishop of Calcutta. ISnia 2a. 6d. 



tianity. as an Introduction to Confirmation. By G. £. L. Cotton, D.D. 
~ " Bi ■ " " 



ESSAYS on BELIOION and LITEBATTTBE. By Cardinal Wise- 
man. Dr. D. Rock, F. H. Laino, and other Writers. Edited t^ H. B. 
Manning, DJ). 8to. 

ESSAYS and BEVIEWS. By the Rev. W. Temple, D.D. the Rev. 
R. Williams, B.D. tho Rev. B. 1'owell, M.A. the Re\'. U. B. Wilson, 
B.D. C. W. Goodwin. M.A. the Rev. M. Pattison, B.D. and the Rev. B. 
Jowstt, M.A. 11th Edition. Fcp. 8va 6s. 

MOSHEIM'S ECCLESIASTICAL HISTORY. Mdrdock and Soins's 
Translation and Notes, re-edited by the Rev. W. Stubbs, MJL S vols. 
8vo. 45«. 

The GEKTILE and the JEW in the Courts of the Temple of Christ : 
an Introduction to tho History of Christianity. From the German of ProfL 
DoLLiNOER, by tho Rev. M. Daenbll, MA. 2 vols. 8vo. 21«. 

PHYSICO-PROFHETICAL ESSAYS, on the Locality of tho Eternal 
Inheritance, its Nature and Character ; the Resurrection Body ; and tho 
Mutual Recognition of Glorified Saints. By the Rev. W. Listbb, F.G.S. 
Crown Svo. 6s. 

BISHOP JEREXY TAYLOR'S RETIRE WORKS: With Life by 
Bishop Heber. Revised and corrected \jj the Rev, C. P. Eden, 10 vols. 
8vo. £5 58. 
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PASSIirO THOUGHTS on BEUGION. Bjr the Author of 'Amj 
Herbert.' 8th Edition. Fcp. 8vo. 5s. 

Thong^htf for the Holy Week, for Toung Persons. By the same 
Author. 2d Edition. Fcp.8vo.&. 

Night Lessons from Scripture. By the same Author. 2d Edition. 
S2mo. 3«. 

Self-Examination before Confirmation. By the same Author. 32mo. 
price Is. 6d. 

Seadings for a Konth Preparatory to Confirmation, from Writers 
of the Early and English Church. By the same. Fcp. 4s. 

Readings for Every Bay in Lent, compiled from the Writings of 
Bishop Jeremy Tatlob. By the same. Fcp. 8vo. 6s. 

Preparation for the Holy Communion; the Devotions chiefly from 
the works of Jeremy Taylor. By the same. 32mo. Ss, 

KOBNING CLOUDS. Second Edition. Fcp. 8yo. 5a. 

The Afternoon of Life. By the same Author. Second Edition. 
Fcp. 5s. 

Problems in Human Nature. By the same. Post 8to. 5«. 

The WIFE'S KANTJAL ; or. Prayers, Thoughts, and Songs on Several 
Occasions of a Matron's Life. By the Eev. W. Calvert, MA. Crown 6vo. 
price lOs. 6d. 

SPntrrUAL songs for the STJNBATS and HOLIBATS through- 
out the Year. By J. S. B. Monsbll, LL.D. Vicar of Egham. Third Edition. 
Fcp. 8vo. 4s. 6d. 

HTHNOLOOIA CHBISTIANA : or. Psalms and Hymns selected and 
arranged in the order of the Christian Seasons. By B. H. Kbwedy, D.D. 
Prebendary of Lichfield. Crown 8vo. "is. 6d. 

LYRA SACEA; Hymns, Ancient and Modem, Odes and Fragments 
of Sacred Poetry. Edited by the Rev. B. "W. Savile, M.A. Fcp. 8vo. 5*. 

LTSA OEEMANICA, translated from the German by Miss C. Wnnc- 
WORTH. First Series, Hymns for the Sundays and Chief Festivals; 
Second Series, the Christian Life. Fcp. Bvo. 5s. each Series. 

Hymns from Lyra Oermanica, ISmo. Is. 

LTSA EUCHABISTICA; Hymns and Verses on the Holy Communion, 
Ancient and Modern: with other Poems. Edited by the Rev. Orbt Ship- 
let, M.A. Second Edition, revised and enlarged. Fcp. 8vo. 7s. 6d. 

Ljrra Kessianica ; Hymns and Verses on the Life of Christ, Ancient 
and Modern ; with other Poems. By the same Editor. Fcp. 8vo. 7s. 6d. 

Lyra Mystica ; Hymns and Verses on Sacred Subjects, Ancient and 
Mod<nm. Forming a companion volume to the above, by the same Editor. 
Fcp. 8va iNearly ready. 
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LTSA B0ME8TICA; Christian Songs for Domestic Edification. 
TranRlat€d from the Psaltery and Harp of C. J. P. RpiTTA,and from other 
sources, by Richabd Massie. First and Second Series, fcp. 8?o. 
price 4a. 6d. each. 

The CHOBALE BOOK for EHOLAND; a complete Hymn-Book in 
accordance with tlie Servic(>s and Festivals of the Church of England : the 
HymiiR translated by Miss C. Wikkworth i the tunes arranged by Prof. 
W. S. Bennett and Otto Goldbchmidt. Fcp. 4to. 10*. Qd, 

Congpreg^ationsl Edition. Fcp. 8vo. price Is, 6(/. 



Travelsj Voyages^ <^'c. 



EASTEBN EUBOPE and WESTEBN ASIA. Political and Social 
Sketches on Bui^sia, Greece, and Syria. By Henry A. Tilley. With 6 
lUustratioiis. Post 8vo. 10s. 6d. 

EXPLOBATIONS in SOTJTH-WEST AFBICA, from Walvisch Bay to 
Lake Ng;imi and the Victoria Falls. By Thomas Baines. 8vo. with 
3Iap and lUustrations. [In October. 

SOUTH AMEBICAN SKETCHES ; or, a Visit to Rio Janeiro, the 
Organ Mountains, La Plata, and the Paranik. By Thomas W. Hinchliff, 
M.A. F.R.G.S. Post 8vo. with 11 luiit rations, 12^. 6d, 

EXPLOBATIONS in LABBADOB. By Henry Y. Hihd, M.A. 
F.B.G.8. With Maps and Illustrations. 2 vols. 8vo. Z2s. 

The Canadian Bed Biver and Asiinniboine and Saikatcliewsn 

Exploring Expeditions. By the sanic Author. With Maps and Illustrations. 
2 vols. 8vo. 42«. 

The CAPITAL of the TYCOON ; a Narrative of a Three Years' Rcsi- 
dencc in Jaiian. By Sir Rutherford Alcoce, K.C.B. 2 vols. 8vo. with 
numerous illustrations, 42«. 

LAST WINTEB in BOME and other ITALIAN CITIES. By C. 

R. Weld, Author of * The Pyrenees; West and East,* Ac. 1 vol. post 8vo. 
with a Portrait of * Stella,' and Engravings ou Wood from Sketches by 
the Author. [/» the Autumn. 

AUTUMN BAUBLES in NOBTH AFBICA. By John Ormsby, 

of the Middle Temple, Author of the 'Ascent of the Grivola,* in 'Peaks, 
Passes, and Glaciers.' With 13 Illustrations on Wood from Sketches by the 
Author. Post 8vo. 8«. (k/. 

PEAKS, PASSES, and OLACIEBS; a Scries of Excursions by 
Mcmlwrs of the Alpine Club. Edited by J. Ball. M.B.I.A. Fourth 
Edition ; Maps, Illuiiirations, Woodcuts. Squiire crown 8vo. 21*.— Travel- 
lers' Edition, condensed, Itimu. 5«. Qd. 

Second Series, edited by E. S. Kennedy, M.A. F.K.G.S. With 
many Maps and Illustrations. 2 vols, sqiuure crown 8vo. 42«. 

Nineteen Maps of the Alpine Biatricts, from the First and 
Second Series of Peaks, Passes, and Glaciers. Price 7s. M. 
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TkB BOLOXITS MOirVTAIH 8. Exctmions thronefa Tjnl, Carmtiik, 
Oumiolm and Frinli in IWU un. and ISO. By J. GtLBwax and O. a 
Chvkchill, F.&XUSL With mimeroai nimtra^ooa. 8qiis« eimni 
Sva 21«. 

XOITVTAIHEKRnrO in 1861; » Yacation Tour. By' F^. J. 
Ttvdall. F.RJS. Square erown 8va with 1 TievB, 7t.6iC 

A BloaCEB TOUB im tho eSISOVS and ITALIAV TALLET8 of 

the Bernina. By Mn. HxntT Fbbshfisld. With a Coloured Mapa aad 
4 Views. PostSvo. 10t.6(i. 

Alpine Byeways; or. Light Leayes ^thered in 1859 and 1860. By 
the same Authoress. Post 8va with Illustrations, Ite. Qd. 

A LADTS TOXTB BOmfD MOVTE B08A; inclnding Visits to the 

Italian Valleys. With Hap and Illustrations. Post8val4«. 

0inBE to the PYBEB1BXS, for the nse of Monntaineen. B|y 
Chablbs PjlCKS. WithMaps^ftcandanew AppeDdiz. Fq^U, 

OUIBE to the CEHTBAL ALPS, inclnding the Bernese Oberland, 

Eastern Switserfand, Lombardy, and Western TjrdL. By Jomr Bau.. 

1I.1LI.A. Post 8vo. with 8 Maps, 7s. 6tf. or with an Ivtxoductiov on 

Alpine Travelling, and on the Geology of the Alps, 8s. dd. The ImoDUC- 

lOK separately, Is. 

Ovido to the Woatem Alps. By the eame Anthor. With an 
Article on the .Geology of the Alps liy M. E. Desob. Post 8to. with Maps, 
ftc. 7s. Od. 

A WEEK at the LAND'S EKD. By J. T. Bught ; assisted hy K 
U. Bodd, B. Q. Ck>ucH, and J. Balfb. With Map and 86 Woodcuta. Fcp. 
8va6s.6& 

TI8IT8 to BEMABKABLE PLACES : Old Halls. Battk-Fields, and 

Scenes Illustrative of Striking Passages in English History Mid Poetiy. 
By WuxiAM UowiTT. 2 vols, square crown 8vo. with Wood Bngfairingi. 
price 26s. 

The BTTBAL LIPE of EK6LAKD. By the same Author. With 
Woodcuts l^ licwick and Williams. Medium 8va 12s. &/. 



Works of Fiction. 

LATE LAXTBELS : a Tale. By the Author of ' Wheat and Tarea.* 8 
vols, post 8vo. 15s. 

OBYLL OBAHGE. By the Author of * Headlong HalL* Post 8to. 
price 7s. 6d. 

A PIBST PBIENDSHIP. [Beprinted from Franr^s Magazine.'] 
Crown Svo. 7s. Qd. 

THALATTA ; or, the Great Ck>mmoner : a Political Komance. Crown 
8vo. 9s. 
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ATHEB8T0KE PBIOBT. By L. X. Coirni. S toIs. post 8vo. SU. 
Elliee : a Tale. Bjr the same. Post 8to. 9«. 6</. 

The LAST of the OLD SQUniES. By the Bev. J. W. Wakteb, B.D. 
Seeoiid Edition. Fcp. 8vql 4*. 6d. 

TALES and 8T0BIE8 br the Anthor of * Amj Herbert,' nniform 
Edition, each Story or T»lc in a single Volume. 



Amy Herbert. 2«.6<f. 

GSRTRUUE. Sc 6d. 
Earl's Dauohtbr, 2m. Cd. 

EXPERIBNCB OF LiFE, 29. Ctt 

CLxra HAix,3«.6d. 



Ivors, 3«. Ac/. 

KiLTHARIVB AsHTOir. St. ML* 
Maroarbt Percital, &t. 
Lajtrtos Parsonaqb, 4«. ecT. 

UBJICLA, 4t.<l2. 



A Olimpae of the World. By the Author of 'Amy Herbert.' Fcp. 7«. ed. 

ESSATS on FICTIOH ; comprising Articles on Sir W. Scott, Sir E. B. 

Lttton, Colonel Senior, Mr. Thackeray, and Mrs. Beech br Stowe. Re- 
printed chiefly fW)iu the Edinburgh^ Quartertjf, and Weaimvuter Eevievot ; 
with large Additions. By Nassau W. Sebiob. Post 8vo. 10».6(L 

The GLADIATORS : A Tale of Borne and Jod«a. By G. J. Whtts 

Hblyillb. Crown 8vo. 

Digby Grandi an Autobiography. By the same Author. 1 toI. 5*, 
Kate Coventry, an Autobiography. By the same. 1 toL 5t. 
General Bonnee, or the Lady and the Locusts. By the same. 1 toI. 59. 
Holmby House, a Tale of Old Northamptonshire. 1 toI. 5«. 
Good for Hothing, or All Down Hill. By the same. 1 vol. 6«. 
The Queen^s Maries, a Romance of Holyrood. 1 toL Ss, 
The Interpreter, a Tale of the War. By the same. 1 toI. Ss. 

TALES from GBEEK HTTHOLOGT. By the BeT. G. W. Cox, MA. 

late Scholar of Trin. CoU. Oxon. Second Edition. Square ICma St. 9d. 

Tales of the Gods and Heroee. By the same Author. Second 
Edition. Pop.8vo.te. 

Tales of Thebes and Argos. By the same Author. Fcp. 8vo. 4«. 6d, 

The WARDEN: a NoveL By Anthont Tnoixors. Crown 8to.8«. 6d. 

Barchester Towers : a Sequel to * The Warden.' By the same 
Author. Crown 8vo. te. 

The SIX SISTEBS of the YALLETS: an Historical Romance. Br 
W. Bramlet-Moorb, MJL Incumbent of Gcrrard's Cross, Bucks. With 
1 1 Illustrations on Wood. Crown Syo. te. 
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Poetry and the Drama, 



MOOBFS POETICAL WORKS, Cheapest Editions complete in 1 toI. 
incladinfT the Autobio^n^phical Prefaoes and Author's last Not»8. which are 
still copyriirht. Crown 8vo. ruby type, with Portrait, Is. 6d. or People's 
Edition, in larger type, 12«. 6d. 

Hoore*B Poetical Works, asr abore, Library Edition, medinm 8vo. 
with Portrait and Yiguette, 2l<. or in 10 vols. fcp. 8«. 6(/. each. 

TEKEIKL'S EDinOH of MOOBFS LALLA BOOKH, with 68 Wood 
Engravings ftY>m original Drawings and other Illustrations. Pep. 4to. 21«. 

Moore^s Lalla Bookh. 32mo. Plate, 1«. 16mo. Yigtiette, 2«. 6c/. 
Square crown 8vo. with 13 Plates, 15«. 

XACLISE'S EDITION of MOOBE*S IRISH MELODIES, with 161 
Steel Plates fi-oin Original Drawings. Super-royal 8vo. 31«. 6d. 

Hoore^s Irish Melodies, 32rao. Portrait, \g. IGrao. Vignette, 2«. 6<2. 
Square crown 8vo. with 13 Plates, t\8. 

SOUTHET'S POETICAL WOBKS, with the Author's last Corrections 

and conyrifrht Additions. Libmry Edition, in 1 vol. medium 8vo. with 
Portrait and Vignette, 149. or in 10 vols. fcp. 35. 6^. each. 

LAYS of ANCIENT BOME ; with loiy and the Armada, Bj the 
Right Hon. Lobd Macaulay. 16mo. 4«. ed. 

Lord Macanlay*! Lays of Ancient Borne. With 90 Illustrations on 
Wood. Original and flrom the Antique, from Drawings by G. Schabf. Pep. 
4to. 21$. 

POEMS. By Jean Inoblow. Seventh Edition. Fcp. 8vo. fis. 

POETICAL WOBKS of LETITIA ELIZABETH LANDON CL. E. L.) 

S vols. 16mo lOf. 

PLATTIME with the POETS : a Selection of the best English Poetrj 
for the use of Children. By a Lady. Crown 8vo. 5«. 

The BEVOLUTIONABT EPICK. By the Right Hon. Benjamin 
Disbaeli. Fcp. 8vo. 5tf. 

BOWDLEB'S FAMILY SHAK8PEABE, cheaper Genuine Edition, 
comp1<>te in 1 vol. large type, with 36 Woodcut Illustrations, price 14«. or 
with the same Illustbations, in 6 pocket vols. hs. each. 

An ENGLISH TBAGEDT ; Mary Stuart, from Schillrr ; and Mdlle. 
De Belle Isle, ftrom A. Dumas,— €Ach a Play in 5 Acts, by Fbancbs Akkb 
Kbmblb. Post 8vo. lis. 



Rural Sports^ ^c. 

ENCYCLOPJEDIA of BUBAL 8P0BTS; a complete Account, His- 
torical, Practical, and Descriptive, of Hunting, Shooting, Fishing. Racing. 
&c. By D. P. Blaiitb. With above 600 Woodcuts (20 firom Designs by 
John Lbbch). 8vo. Ais. 
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COL. HAWK£B*S IHSTBUCTIONS to TOUHO SFOBTSMEH in all 

that rclatetf to Gum and Shooting. Revbed by the Author's Boa. Square 
crown 8vo. with lUustratious, Ihs, 

NOTES on RIFLE 8H00TIH0. By Capuin Hbatok, Ai^ntant of 
the Third Manchester Rifle Volunteer Corps. Fcp. 8vo. is. 6d. 

The DEAD SHOT, or Sportsman's Complete Guide ; a Treatise on 
the Use of the Gun, Dug-brvaking, Pigeon^bhouting, Ac By Mabxsman. 
Fcp. 8vo. with Plates, 6«. 

The CHASE of the WILD BED DEER in DEVOM and SOMERSET. 

By (J. P. CoLLYNS. With Map and illustrations. Square crown 8to. 16«. 

The FLT-FISHER'S ENTOMOLOGT. By Alfred Ronai^ds. With 
coloured Representations of the ^lalurai and Artiflcial Insect. 6th Edition ; 
with 20 coloured Plates. 8vo. 14«. 

HANDBOOK of ANOLIHG : Teaching Fly-fishing, Trolling, Bottom- 
fi&hiiig, Sainiou-tiahiug; with the Natural Uibtoiy of R.ver Fish, and ihe 
best modes of Catching theuj. By ErnEMEEA. Fcp. Woodcuts, bs. 

The CRICKET FIELD ; or, the llistory and the Science of the Game 
of Cricket. By J. Pycroft, BA. Trin. Coll. Uxon. 4th Edition. Fcp. 
bvo. bs. 

The Cricket Tntor ; a Treatise exclasivcly Practical. By the same. 

Ibmo. Itf. 

The HORSE'S FOOT, and HOW to KEEP IT SOTIND. By W. 

Miles, Esq. 9th Eoitiou, with lllustralions. Imp. 8vo. lis, 6d. 

A Plain Treatise on Horse-Shoeing. By the same Author. Post 
8vo. with Illutttratiuns, is. 

General Remarks on Stables, and Examples of Stable Fittings. By 
the same. Imp. bvo. with 13 Plates, 15i. 

Remarks on Horses' Teeth, adapted to Purchasers. By the same 
Aullior. Crown 8vo. Is.Qd. 

The HORSE: with a Treatise on Draught. By William Youatt. 
New Edition, revised and enlarged, bvo. wiili numerous Woodcuts, 1(1«. Hd. 

The Dog. By the same Author. 8vo. with numerous Woodcnts, 6«. 

The DOG in HEALTH and DISEASE. By Stohshemob. With 70 
Wood Engravings. Squure crown 8vo. lUs. 

The Greyhound. By the same. With many Illustrations. Square 

crown »\u. 2U. 

The OX ; his Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow. By J. B. UoBSOV, M.K.C.V.8. PostSvo. with Illustrations. 

[Just ready. 
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Commerce^ Navigation^ and Mercantile Affairs. 

The LAW of HATI0H8 Considered as Independent Political Oon- 
munities. Br Tratxss Twibb, D.C.L. Sen^iia Profoswr of Chril Jmw in tbt 
UniTertityof Oxford. 2 vols. 8va 30f. or separately. Past L P«0ef. 111. 
PAKrlLTfar,18». 

A DICnONABTi Practical, Theoretical, and Hifltorical, of Com- 
merce and Commercial Navigatioii. By J. &. M'Culloch, Esq. 8f0.with 
Kape and Pfauis, 60t. 

The STUDT of STEAM and the XASIHE EVODTE, for Toanf 
Sea Officers, ^y S. M. Saxbt, SJT. Pdst 8to. with 87 Bfagrama, 6t.<dL 

A HAUnCAL DICnOHABT, defining the Technical Language re- 
lative to the Building and Equipment of SailintrVessels and Steamers, Asi 
By Abtsttx Tomro. Seeond Edition ; with Plates and 160 Woodwrta. 
8val8t. 

A XAHTTAL for VAYAL CADETS. By J. M*Nkil Botd, late Cap- 
tain R.N. Third Edition; with MO Woodcuts and 11 oolomed Ptates. 
Pott 8va 12s. 6d. 

*•* Every Cadet in the Royal Navy is required by the Regulations of the 
Admiralty to have a copy of tliis work on his entry into tlie Navy. 



Works of Utility and General Information. 

MODERN COOKERT for PRIVATE FAMILIES, reduced to a Sjstem 
of Eany Practice in a Series of csrefuHy-teitted Receipts. By EuzJl Actob. 
Newly revised and enlarged; with 8 Plated, Figures, ana 150 Woodcuts. 
Fop. 8va7«. 6(2. 

On FOOD and itf DIOESTIOH ; an Introdoction to Dietetici. Br 
W. Beinton. M.D. Physician to St. Thomas's Hospital, Ac. With 48 Wood- 
outs. Post 8vo. 12s. 

ADITLTERATIONS DETECTED; or Plain Instmctions for the Dis- 
covery of Frauds in Food and Medicine. By A. H. Hasbat.t., MJ). Crown 
8vo. with Woodcuta, 17s. ed. 

The YIKE and ite FRUIT, in relation to the Frodnction of Wine. 
By Jamss L. Denmav. Crown 8to. 8t.6d. 

WnrE, the YDTE, and the CELLAR. Bj Thomas G. Shaw. With 

28 Illustrations on Wood. Svo. 16«. 

A PRACTICAL TREATISE on BREWIH ; with FormnlsB for Public 
Brewers, and Instructions for Private Families. By W. Black. 8vo. lOs. 6d. 

CHORT WHIST; its Rise, Progress, and Laws ; with the Laws of 
Piquet, Cassino, Ecart^S, Cribbage, and Backgammon. By Major A. Fcpu 
8V0.8S. 
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HOTTS on ETIQUSTTS and the VSkBTB of 80CIXT7 ; with a 
Gkaxicb at Bad Habita. Revised, with Additiona, bj a Lalt of Rurx. Fcp. 
8V0. 2m. 6<I. 

The CABDIET LAWTEB ; a Popolar Digest of the Lawi of England, 
Chril and Criminal. 19^^ EdUitm, extended bv the Author; <Tw^im««p the 
AcU of the Seeaiona 1862 and 1868. Fcp. 8vo. lit. 6A 

The PHILOSOFET of HEALTH ; or, an Ezpoaition of the Physio- 
logical and Sanitarj Conditions cox^ucive to Hnnuua Longpsvil^ and 
Happiness. By Southwood Smith, M.D. Sleveuth SdHion, revised and 
enlarged : with New FhOes, 8vo. IJmt rmOw, 

HOm to HOTHEXS on the MAHAOSMSHT of their HEALTH 
during the Feriod of Pregnancgr and in the I^ring-in Room. B^ T. Bull, 
MJ). Fcp.8vaas. 

The Maternal Management of Children in Health and Diieaae. Bj 
the same Author. Fcp. 8va Sf. 

NOTES on HOSPITALS. By Florbvcb Nightihoals. Third Edi- 
tion, enlarged ; with 18 Plans. Post 4to. 18t. 

C. M. WILLICH'S FOPTILAB TABLES for ascertaining the Value 
of Lifehold. Leasehold, and Church Property, Renewal Fines, Ac; the 
Public Funda; Annual Aversge Price and Interest on Conso's tram 1781 to 
1861; Chemical, Geographical, Astronomical, Trigonometrical Tsbles, Ac. 
Post 8vo. 10c. 

THOMSON'S TABLES of INTEREST, at Three, Four, Four and a 
Half, and Five per Cent, firom One Pound to Ten Thousand and from 1 to 
865 Days. 12mo. Ss. Qd, 

MAUNDER'S TREASITRT of KNOWLEDGE and LIBRART of 

Reference: comprising an English Dictionary and Gnunmar, a Universal 
Gazetteer, a CUusical Dictionary, a Chronology, a Law Dictionary, a Synop- 
sis of the Peerage^ useful Tables, Ac Fcp. 8vo. 16s. 



General and School Atlases. 

An ELEMENTART ATLAS of HISTORT and eSOORAPHT, from 

the commencement of the Christian Era to the Present Time, in 16 coloured 
Haps, chronologically arranged, with illustrative Memoirs. By the Rev. 
J. 8. BRBwns, MA. Royal 8va lU. 6d. 

SCHOOL ATLAS of PHTSICAL, POLITICAL, and COMMERCIAL 
GEOGRAPHY, in 17 ftiU-colourcd Maps, sceompanicd by descriptive Letter- 
press. By E. UuoHES. F.RAJS. Royal 8vo. lOf. ed. 

BISHOP BUTLER'S ATLAS of ANCIENT GEOGRAPHY, in a Series 
of 24 fiiU-coloured Maps, accompanied l^ a complete Accentuated Index. 
New Edition, corrected and enlarged. Royal 8va 12*. 
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BISHOP BUTLEB'S ATLAS of MODEBH GEOOBAPHY, in a Series 
of S3 ftUl-coloured Maps, accompanied by a complete Alphabetical Index. 
New Edition, corrected and enlartsed. Boyal 8vo. 10«. 6d, 

Iv consequence of the rapid advance of 
geompi ical discovery, and the many re- 
cent cnangea, throngn polUical caonea. In 
the bonndarlea of TariouB oountriea. It naa 
been found nece«»ary thoroughly to reviae 
thla lonff-eatabllabed Atlaa, and to add 
aeveral new Maps. New Maps have been 
fdven of the following countries : PaleUint, 
€anat1a,tinA the adjacent provinces of Vmp 
Bruntwidk. Nova Scotia^ and Newfoundland, 
the Ameriean State» bordering on the 
Parifio, Sa$t«m AM9tralta. and Nt» Ska- 
land. In addition to these Maps of 
W^Btem Am§iralia and latmania have 
been iriven in compartments: thus com- 
pleting the revision of the Map of Auttral- 
atia, rendered necessary by the rising 
importance of our Australasian posses- 
sions. In the Map of Europe, IcHand has 
also been re-drawn, and the new boundaries 



of France, Jtalv* snd Auatria represented. 
The Maps of the three lastpiuuned countries 
have been carefully revised. The Map of 
Switzerland has been wholly redrawn, 
showinK more accurately tne idiysicil 
featurea of the country. AJHea naa been 
carefully compared witn the dlaooverics of 
LrviNOSTOKK, BuKTOV, Spbkb. Basth, 
and other explorers. The number of Maps 
is thus raised from Thirty to Thirty-three. 
An entirely new Imdbx has been eon- 
structed: and the price of the work has 
been reauced from 12«. to Half-apQainn. 
The present edition, therefore, will be 
found much superior to former ones; and 
the Publishers feel assured that it will 
maintain the character which this work 
has so long enjoyed as a popular and oom- 
prehensive School Atlas. 



UBDU^CLASS ATLAS of OEKEBAL GEOGBAFET, in a Series of 
29 fUll-coloured Maps, containing the most recent Territorial Changes and 
Discoveries. By Walter M'Leod, F.B.G.S. 4to.5ff. 

PETSICAL ATLAS of GBEAT BBITAIK and IBELAITD: compris- 
ing SO full-coloured Maps, with illustrative Letterpress, forming a Concise 
Synopsis of British Physical Geography. By "Waltek M'Lbod, F.R.G.S. 
Fcp. 4to. 78. 6d. 



Periodical Publications. 



The EBIKBXTBGH BEVIEW, or CBITICAL JOXTBHALi pnblished 
Quarterly in January, April, July, and October. Svo. price 6s. each No. 

The GEOLOGICAL MAGAZINE, or Monthly Journal of Gcolofi^, 
edited by T. Rupebt Jones, F.G.S. assisted by Uenby Woodwabd, F.G.8. 
8vo. price Is. 6d. each No. 

EBASEB'S MAGAZIHE for TOWK and COTTKTBT, published on 
the 1st of each Month. Svo. price is. 6d. each No. 

The ALPINE JOUBNAL: a Record of Mountain Adventni« and 
Scientific Observation. By Members of the Alpine Club. Edited by 
H. B. Geoboe, M.A. Published Quarterly, May 81, Aug. 81, Nov. SO, Feb.aL 
Svo. price Is. 6d, each No. 
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Bazbt's Btadj of StMm M 

Weather Sjttem 10 

Scott's H and booh of Yolametrical An alysla 1 S 

ScMorBOD Volcanoi II 

Bniioa*t Biofrraphlcal Sketchct A 

Khb jt un Fletkm n 

SBirBij.*t Amy Herbert t3 

Aiident Hlrtonr 1 

UereHall 13 

Earl's Daughter U 

ICzp«rl«>noe of life S3 

O ertrwio 33 

OHmpaeof the World 33 

Hiftory of the Early Church 3 

lyon, 33 

Katharine Aahton 33 

Laneton Pamnace 33 

kanaret FvrdTal 13 

NUht Lettoni from 8crii>ture .... 10 

Panrinir Thoughts on Reliirton.... VO 

Preparation for Communion 10 

Readings for Conflrmatlon. so 

Heading! fiMrLent 10 

• 8elf-Examination befisre Conflr- 
matlon 90 

— Stories and Tales IS 

ThoughU for the Holy Week 30 

— Ur»ula 38 

BiiAw's Work on Wine 16 

SanoDBif's Elements of Logic 6 

Short Whist 36 

StBraKivo*s(AMBi.iA>Llfe,by WiMKWoam 4 

SMrra's (SourmrooD) Philoeophy of Health 37 

(J.) Voyage and Shipwreck ot St. 

Paul 19 

-~—<0.) Wesle/an Methodism 3 

(Stskbt) Memoir and Letters 4 

Miscellaneous Worics 8 

Sketches of Moral Phllo- 

•ophj 8 

WitandWisdom 8 

Southst's (Doctor) 7 

Poetical Works. 34 

STBaaiita's Analysis of Mux's Logic 6 

SrafKBHSoit's ^K.) Life by JaArrRBsoK and 

POLB 3 

SrsraBK's Essays in Ecclesiastical Bio- 
graphy 5 

Lectures on the History of 

France 3 

BrofrBBBNOB on the Dog il5 

on the Greyhound 35 

SmicKUiND't Queens of England 1 



Tatmb's (Jeremy) Works, edited by Edbx 19 

TastKBHT's Ceylon 13 

Natural History of Ceylon 13 

Story of the Guns 16 

Thalatta 33 



Theoloria Oerraanioa it 

Tat rlwall's History of Greece 3 

Tbomsok's (AichMxEofi) Laws of Thoo^t 6 

ij.) Tables of Interest 37 

Tiixbt's Eastern Europe ar.d Western AJda, 31 
Tood's Cyelopadia of Anatomy and Phy- 
siology *..•• 14 

and Bowmam's Anatomy sind *Ri%'- 

slologyofMan 14 

TaouAra'sBarehesler Towers 33 

Warden 33 

Twis«*tLawof Nations 36 

Tthuaix's Lectures on Heat ii 

Mountaineering in 1861 it 

Urb's DictionaiT of Arts, Manafhctorea, 

and Mines 16 



Va KDBB HoBTSif *s Handbook of Zoologr . . 11 
Vauobak's (K.) BeTolutkms in EngUdi 

History 1 

CR. A.) Hours with the Mysdcs 9 

WABBcaTOM** Lifcby Watsom 4 

Waktbb's Lastof theOldmndres S3 

Watson's Principles and Practice of Physic 14 

W atts's Dictionary of ChemlitiT IS 

Wbsb's Celestial Otdcets for Common Tele- 

icopes 10 

Wbbstbr ft Wilbdisok's Gredc Tcstamoit 16 

Wblo's Last Winter in Borne. 31 

Wbixikotok's Life, by Bbiauiomt and 

Guiia 4 

. byGLBM 4 

WbSLBt'i Lifo. by SOOTHBT 4 

Wbst on the Inseases of Infancy and Child- 
hood 13 

Wratblt's English Synonymca 6 

LmSc » 

Remains 6 

Rhetoric 5 

Wbbwbll's History of the IndueUve Sci- 
ences 3 

Writb and Rioou's I<atin-Engllih Dic- 
tionary 7 

Wilbbrpobcb (W.) Keoollectioaa of, by 

Harpobd 4 

Wiixicb's Popular Tables 37 

Wiunn'a Brvologia Britannica 13 

Wood's Homes without Hands II 

Woodward's HIatoricai and Chronological 

Encydopadla 3 

Yokob's English-Greek Lexicon 7 

Ahridce* ditto 7 

YooNo's Nautical Dictionary 36 

YobATTon theDog 36 
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